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PREFACE. 


The  present  volume  may,  it  is  hoped»  supply  a  want  which 
has  long  been  felt ;  that,  viz.,  of  a  full,  yet  compendious  and 
authentic  biography  of  James  Watt  In  a  recent  work,* 
prepared  by  the  author  fix>m  the  MSS.  of  the  great  engineer 
preserved  by  his  son,  as  well  as  from  others,  of  no  less  value, 
in  the  possession  of  Mr.  Boulton,  there  were  comprised,  (1.) 
a  Biographical  Memoir  of  Mr.  Watt ;  (2.)  a  Selection  from 
his  Ck)rrespondence ;  and  (3.)  the  Specifications  of  aU  of  his 
Patents.  The  favour  with  which  that  work  was  received  by 
the  press  and  the  public  is  gratefully  acknowledged.  The 
long  series,  however,  of  large  copper-plate  engravings  of  ma- 
chinery by  which  it  was  illustrated, — (thirty-four  in  number, 
delineating  no  fewer  than  sixty-eight  separate  figures), — 
necessarily  raised  its  cost  above  the  means  of  many  who 
might  otherwise  have  desired  to  possess  it ;  while  the  minute 
descriptions  contained  in  the  specifications  of  patents,  and 
their  relative  drawings,  are  of  course  more  desirable  for  the 
use  of  the  scientific  engineer  and  the  mechanical  philosopher, 
than  of  the  general  reader. 

The  author  has  now,  therefore,  ventured  to  remodel,  and 
to  reproduce  in  a  form  at  once  more  comprehensive,  more 
convenient)  and  less  costly,  the  Biographical  Memoir  above 
referred  to.     A  few  unimportant  pages  have  been  omitted ; 


*  'The  Origin  and  Progress  of  the  Mechanical  Inventions  of  James 
*  Watt.'    3  vols.    8vo.  and  4to.    London  :  John  Murray,  1864. 
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many  of  the  most  interesting  passages  from  the  correspondence 
of  the  great  engineer  have  been  incorporated;  and  other 
large  additions,  from  various  sources,  have  been  made, — a 
considerable  portion  of  the  new  matter  relating  to  Mr.  Watt's 
family  and  private  history;  while  the  principle  has  been 
adhered  to,  of  allowing  his  inventions  and  discoveries  to  be 
explained/  as  far  as'  possible,  in  his  own  plain,  clear,  and 
forcible  language. 

Of  the  immense  results  of  those  inventions,  and  their  pre- 
sent and  future  value  to  the  world,  it  is  already  difficult  to 
form  any  adequate  conception.  But  some  faint  idea  of  their 
magnitude  may  be  gathered  from  such  facts  as  these : — ^that 
less  than  a  single  century  ago,  only  a  few  clumsy  and  im- 
perfect "fire-engines,"  of  the  old  atmospheric  sort>  were 
employed  in  pumping  water  out  of  some  widely-scattered 
coal-pits  and  mines;  that  they  did  their  task  laboriously, 
expensively^  and  badly;  that  steam  was  not  then  applied 
directly,  nor,  as  then  used,  was  it  capable  of  being  applied 
with  advantage,  either  to  Manufactures,  to  processes  in  the 
Useful  Arts,  to  Navigation,  to  Land  Transport,  to  War,  or  to 
Agriculture ; — and  that  now,  the  united  steam  power  of  Great 
Britain  alone,  employed  in  all  of  those  different  ways,  (every 
engine  having  been  constructed  since  the  improvements  of 
Watt  were  first  made  known),  is  estimated  as  equivalent  to 
the  manual  labour  of  upwards  of  four  hundred  millians  of  men, 
or  mare  than  double  the  number  of  mcUes  supposed  to  inhabit 
the  globe*  How  startling  are  such  statistics; — ^how  elo- 
quently is  the  panegyric  of  the  inventor  thus  expressed  by 
the  stupendous  works  of  his  ^nius ! 

As  a  kinsman  of  the  illustrious  engineer, — as  long  the  in- 
timate friend  and  now  one  of  the  executors  of  his  son, — 
and  as  the  son-in-law  of  the  late  Mr.  Boulton,  the  author  has 
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enjoyed  the  peculiar  privilege  of  iinregtrained  accees  to  the 
stores  of  original  documents,  as  well  as  of  anecdotes,  by 
wliich  this  volume  lias  been  enriched.  This  circumstance 
may  be  a  sufficient  guarantee  of  the  genuineness  and  interest- 
ing nature  of  the  materials  from  which  he  has  had  to  select ; 
and  the  care  bestowed  in  moulding  them  to  their  present 
form  will  be  well  repaid,  if  it  secures  a  complete  and  accurate 
history  of  the  life  of  one  whom  the  conmion  consent  of  man- 
kind has  now  placed  '^  at  the  head  of  all  inventors,  in  all  ages 
"  and  nations." 

The  checkered  career  of  so  great  a  man, — ^now  dark  with 
shadows,  now  bright  with  lights, — may  well  teach  the  stem 

truth, — 

**  That  life  is  not  as  idle  ore, 

"  But  iron  dug  from  central  gloom, 

"  And  heated  hot  with  burning  fears, 
"  And  dipped  in  baths  of  hissing  tears, 

^*  And  batter*d  with  the  shocks  of  doom 

"  To  shape  and  use  :"• — 

yet  it  is  full  of  hope  and  encouragement  to  those  who  read 
its  lesson  aright.  For  it  sets  forth  the  dignity  of  that  intel- 
lectual pre-eminence,  which  crowns  perseverance  in  honour- 
able toil ; — ^the  lustre  of  that  nobility  of  soul,  which  finds  its 
highest  scope  even  amid  humble  pursuits ; — ^the  majesty  of 
that  wisdom,  which  intently,  tranquilly,  and  reverently 
searches  out  the  mysterious  works  and  ways  of  Creation. 

Fame  is  no  plant  that  grows  on  mortal  soil, 

Nor  in  the  glistering  foil 

Set  off  to  the  world,  nor  in  broad  rumour  lies ; 
*'  But  lives  and  spreads  aloft  by  those  pure  eyes 
"  And  perfect  witness  of  all-judging  Jove ; 
"  As  He  pronounces  lastly  on  each  deed, 
"  Of  so  much  fame  in  Heaven  expect  thy  meed,"  f 
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•  Tennyson,  *  In  Memoriam,'  §  cxvi. 
t  Milton,  *  Lycidas,'  1.  78-84. 
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The  fame  of  James  Watt,  great  as  it  unquestionably  became 
in  the  course  of  his  long  and  honoured  life,  has  increased 
since  his  death  in  a  degree  that  may,  perhaps,  be  termed 
unprecedented,  being  co-ordinate  \vith  nothing  less  than  the 
unlimited  development  of  his  own  manifold  inventions.  In 
the  case  of  illustrious  heroes  and  statesmen,  poets,  orators,  or 
artists,  who  have  attained  the  height  of  their  glory  in  their 
own  time,  it  often  happens  that  when  the  excitement  of 
contemporary  interest,  the  influence  of  power,  or  the  partiality 
of  firiendship  is  removed,  the  judgment  which  posterity  pro- 
nounces on  their  achievements  is  not  unalloyed  by  other 
considerations.  Such,  however,  has  not  been  the  case  with 
the  inventor  of  the  modem  steam-engine : — 

"  Grescit  occulto  velut  arbor  »vo 
"  Fama  Marcelli/'— 

and  the  renown  of  so  great  a  promoter  of  the  arts  of  civiliza- 
tion and  the  blessings  of  peace,  elastic  and  expansive  as  that 
mighty  agent  which  he  first  taught  men  truly  to  regulate  and 
use,  appears,  with  a  steady  progression,  to  have  become  as 
universally  diffused  as  the  all-pervading  power  of  Steam. 

The  respect  which  in  all  ages  and  countries  has  ever  been 
paid  to  inventors  seems,  indeed,  to  rest  on  something  more 
profound  than  mere  gratitude  for  the  benefits  which  they  have 
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been  the  means  of  conferring  on  mankind ;  and  to  imply,  if  it 
does  not  express,  a  consciousness  that  by  the  grand  and 
original  conceptions  of  their  minds  they  approach  somewhat 
more  nearly  than  their  fellows  to  the  qualities  and  pre- 
eminence of  a  higher  order  of  being.  "  The  dignity,"  says 
Ix)rd  Bacon,  "  of  this  end  of  endowment  of  man's  life  with 
"  new  commodity  appeareth  by  the  estimation  that  antiquity 
"  made  of  such  as  guided  thereunto ;  for  whereas  founders  of 
"  states,  lawgivers,  extirpators  of  tyrants,  fathers  of  the  people, 
"  were  honoured  but  with  the  titles  of  demigods,  inventors 
"  were  ever  consecrated  among  the  gods  themselves."  *  Of 
all  the  inventions  which  the  ingenuity  of  man  has  devised, 
that  of  the  modem  steam-engine  is,  whether  we  regard  its 
own  mechanism  and  mode  of  performing  its  operations,  or  the 
operations  themselves,  perhaps  the  most  wonderful,  and  cer- 
tainly the  most  useful.  "  We  must  confess,'*  says  Belidor, 
**  that  this  is  the  most  marvellous  of  all  machines,  and  that 
**  there  are  none  of  which  the  mechanism  has  so  much  analogy 
'^  to  that  of  animals.  Heat  is  the  principle  of  its  motion ;  in 
**  its  different  pipes  there  takes  place  a  circulation  like  that  of 
"  the  blood  in  the  veins,  having  valves  which  open  and  shut 
**  themselves  at  right  times ;  it  feeds  itself,  performs  its 
"  evacuations  at  regular  intervals,  and  draws  firom  its  own 
"  work  aU  that  is  needful  for  its  subsistence."t  So,  Words- 
worth and  Coleridge,  when  on  a  tour  in  Scotland,  "  passed," 
says  Dr.  Wordsworth,  "  a  steam-engine,  and  Wordsworth  made 
"  some  observation  to  the  effect  that  it  was  scarcely  possible 
"  to  divest  oneself  of  the  impression,  on  seeing  it>  that  it  had 
"  life  and  volition.  *  Yes,'  replied  Coleridge,  *  it  is  a  giant 
"  with  one  idea.'  "J  Thus,  the  multiplication  of  diversified 
forms  and  effects  which  the  living  energies  of  machinery 
mysteriously  call  forth  from  shapeless,  inert^  and  appa^ 
rently  inadequate  materials, — the  diminution  of  labour, — 
the  abridgment  of  time, — ^the  annihilation  of  distance,  which 
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the  skilful  employment  of  steam  enables  us  to  attam,  seem 
little  less  than  emanations  from  the  awful  attribute  of 
creative  power ;  and  strikingly  exemplify  that  Divine  omni- 
potence and  wisdom  which  inspired  the  genius  to  conceive 
and  bestowed  the  ability  to  produce  them.  It  is  recorded  of 
AIis.  Siddons  that  when  in  the  Louvre,  in  1814,  she  beheld  the 
statue  of  the  Apollo  Belvidere,  she  exclaimed,  "  What  a  great 
'^  idea  it  gives  us  of  God,  to  think  that  He  has  made  a  human 
"  being  capable  of  fashioning  so  divine  a  form ! "  So  when 
we  behold  the  steam-engine,  in  all  its  varied  forms  and  appli- 
cations, producing  its  manifold  works  with  what  seems  to 
be  almost  human  intelligence,  and  even  superhuman  power, 
it  is  perhaps  not  too  much  to  say  that  we  may  feel  our  con- 
ceptions of  the  Etebnal  Wisdom  enlarged  by  the  reflection 
that  He  formed  tliat  mind  which  was  capable  of  devising 
mechanism  at  once  so  simple  and  so  sublime. 

In  proportion  to  the  estimate  which  men  have  formed  of 
the  importance  of  the  inventor's  work  is  generally  the  desire 
they  feel  to  learn  the  history  of  its  origin  and  progress ;  and 
of  the  development  of  the  mind  of  its  contriver.  It  will  be 
seen  from  the  following  pages,  that  the  life  of  the  creator 
of  the  modem  steam-engine  was  one,  as  has  been  justly 
remarked,  of  patriarchal  simplicity,  "  devoted  to  labour,  t6 
<<  study,  to  meditation ;"  and  that  in  a  humble  condition,  and 
a  career  of  virtuous  industry  and  patient  thought,  ''  projects 
"  were  elaborated,  which  were  destined  to  raise  the  British 
"  nation  to  an  unheard-of  height  of  power." 

The  first  of  the  paternal  ancestors  of  James  Watt,  of  whom 
any  notices  have  been  preserved,  is  his  great-grandfather ; 
the  minute  details  of  whose  personal  history,  however,  have 
shared  nearly  the  same  oblivion  in  which  even  his  Christian 
name  is  sunk.  It  is  only  known,  from  the  traditions  of  his 
fEunily,  that  he  lived  in  Aberdeenshire  in  the  earlier  half  of 
the  seventeenth  century,  and  followed  the  business  of  a 
fjEumer,  whether  of  his  own  land  or  not  we  can  only  con- 
jecture ;  that  his  peaceful  pursuits  did  not  exempt  him,  in 
**  the  troubles"  of  that  period,  from  a  rude  summons  to  arms, 
and  an  early  death  in  battle ;  that  he  perished  in  one  of  the 
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wars  of  Montrose,  fighting,  in  all  likelihood,  for  the  cause  of 
the  Covenant;  that  his  property  was  confiscated;  and  that 
his  orphan  son,  Thomas,  educated  by  the  care  of  some  distant 
relations,  thus  received  that  blessing  promised  to  the  father^ 
less,  to  compensate  their  loss. 

Where  those  relations  lived  who  thus  benevolently  rescued 
from  destitution  the  poor  orphan,  does  not  appear.  He  was 
born,  according  to  one  account,  in  1639,  according  to  another 
in  1642,  and  was  at  all  events  soon  removed  from  Aberdeen- 
shire— a  county  which  at  that  time  suffered  more  than  per- 
haps any  other  part  of  Scotland  from  the  scourge  of  civil  war, 
and  which,  according  to  the  lamentable  account  given  by 
Spalding  in  his  *  Memorialls  of  the  Trubles  in  Scotland  and 
'  in  England,  a.d.  1624-a.d.  1645,'  was  left  "  almost  man- 
"  less,  moneyless,  horseless,  and  armless,  so  pitifully  was  the 
'*  same  borne  down  and  subdued." 

Thomas  Watt  settled,  early  in  life,  in  the  little  burgh  of 
barony  of  Crawfordsdyke,  or  Cartsdyke,  situated  in  the 
barony  of  Cartsbum,  in  the  close  vicinity  of  the  town  of 
Greenock  in  Renfrewshire.  He  was  a  "  teacher  of  naviga- 
"  tion ;"  or,  as  he  is  styled  on  his  tomb-stone,  "  Professor  of 
"  the  Mathematicks ;"  a  vocation  for  the  exercise  of  which 
it  appears  that  neither  Cartsdyke  nor  Greenock  could,  pre- 
vious to  that  time,  have  afforded  any  very  wide  scope. 
Greenock  was  erected  into  a  burgh  of  barony  by  a  charter  of 
Charles  I.,  granted  5th  June,  1635,  and  ratified  by  an  Act 
of  the  Parliament  of  Scotland  in  1641 ;  and,  according  to 
the  best  information  extant  on  the  subject,  the  erection  of 
Crawfordsdyke  into  a  similar  burgh  took  place  in  1669.  But 
neither  place  became  very  populous  or  busy  for  many  years 
afterwards;  and  even  so  late  as  April  1700,  in  an  enquiry 
for  settling  the  amount  of  taxation  to  be  made  in  respect  of 
their  trade,  it  was  given  in  evidence  that  the  whole  shipping 
of  the  two  burghs  together  consisted  but  of  one  ship  belonging 
wholly  to  Greenock ;  three  ships  having  part-owners  in  Glas- 
gow ;  and  two  barks  and  a  traveller-boat,  said  to  belong  to 
Greenock.  In  this  estimate  there  can  be  no  doubt  that  the 
open  or  half-decked  boats  employed  in  the  herring  or  other 
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fisheries  were  not  included ;  for  even  then  those  resources  of 
the  Western  Frith  were  opening  up  an  extensive  and  valuable 
business,  and  might  indeed  be  looked  upon  as  the  nursery  of 
those  excellent  seamen  who  were  soon  to  be  employed  in 
making  longer  voyages,  as  well  as  of  that  enterprise  and 
capital  which  the  merchants  of  Glasgow,  Port-Glasgow,  and 
Greenock,  were  to  embark  in  the  great  system  of  commerce 
which  they  have  since  created.  But  still,  the  enumeration 
above-mentioned  presents  a  marvellous  contrast  with  the 
present  state  of  the  Frith  of  Clyde,  when,  after  the  interval 
of  only  a  century  and  a  half,  we  see  its  waters  covered  with 
the  sails  of  thousands  of  merchant  vessels,  and  its  air  darkened 
with  the  smoke  of  almost  innumerable  steam-boats. 

That  learned  antiquary,  William  Hamilton  of  Wishaw,  in 
his  volume  of  *  Descriptions  of  the  Sheriffdoms  of  Lanark 
*  and  Eenfrew,  compiled  about  m.dcc.x.,'  which  was  printed 
at  Glasgow  in  1831,  for  the  Maitland  Club,  gives  the  follow- 
ing description  of  the  two  sister  burghs  as  they  appeared  in 
his  time : — 

"  About  two  miles  down  from  Newark,  upon  the  river  of 
*•  Clyde,  is  the  house,  town,  and  parish  of  Greenock.  This 
"  parish  is  of  no  old  erection.  But  the  Lairds  of  Greenock 
"  having  given  incouragement  to  build,  leave  and  inhabite 
"  there,  that  the  town  so  increased  as  the  Laird  was  incou- 
"  raged  to  build  ane  church  there ;  and  got  severall  lands 
**  disjoyned  from  neighbouring  parishes,  which  makes  up  this 
"  parish  of  Greenock.  And  the  town  of  Greenock  is  now 
"  erected  in  ane  burgh  of  barronie ;  hath  ane  good  harbour 
"  for  vessels,  and  is  become  a  place  of  considerable  trade, 
"  and  is  like  more  and  more  to  increase,  as  specially  if  the 
"  herring  fishing  continue  in  the  river  of  Clyde :  for  as  that 
"  fishing  necessarly  follows  the  sweaming  of  the  herring,  so 
"  when  they  sweam  in  Clyde  or  in  the  lochs  adjoyning  to  it, 
"  as  frequently  they  doe  towards  the  end  of  the  year,  it  occa- 
"  sions  a  confluence  of  many  thousands  of  people  to  these 
"  pairts,  which  yearly  continowes  a  considerable  space. 

"  The  last  Laird  of  Greenock,  Sir  John  Schaw,  did  won- 
"  derfuly  augment  his  fortune,  so  as  he  left  one  of  the  best 
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<<  gentlemen's  estate  to  his  sone  in  all  that  country.  .  .  . 
"  There  is  very  expensive  works  lately  built  about  the  house, 
**  gardens  and  parks  of  Greenock,  which  exceadingly  beautify 
"  the  place ;  and  he  hath  singularly  repaired  and  beautifyed 
"  the  church. 

"  Near  to  the  town  of  Greenock  is  the  town  of  Carsedyke, 
"  lyand  upon  the  river  of  Clyde,  a  litle  to  tlie  east  of 
"  Greenock.  It  is  erected  in  a  burgh  of  barrony,  and  hath  a 
**  very  convenient  harbour  for  vessels.  It  belongs  to  the 
"  Laird  of  Carseburn,  Crawford,  who  is  brother  sone  to  the 
'^  Laird  of  Jordanhill,  who  hath  a  convenient  house  and 
**  dwelling  ther,  att  Carseburn. — ^The  town  is  mostly  subfewed 
"  to  merchands,  seamen,  or  loadingmen,  who  have  built  very 
"  good  houses  in  it ;  and  is  a  very  thriving  litle  place." 

The  population  of  Crawfordsdyke  and  of  Greenock  must, 
at  the  time  of  Thomas  Watt's  settlement  there,  have  been 
small ;  for  we  learn  that  nearly  a  century  later  it  amounted 
to  no  more  than  four  thousand  one  hundred  souls  in  the 
whole  parish.  We  may  reasonably  wonder  at  any  teacher  of 
mathematics  whose  practice  was  limited  to  so  narrow  a  field, 
being  able  to  derive  even  a  sufficient  subsistence  from  his 
erudite  labours.  Yet  not  only  did  he  maintain  himself  and 
his  family,  in  respectability  and  comfort,  on  the  limited 
eamiDgs  of  such  humble  but  honourable  toil,  but  he  also 
accumulated  funds  sufficient  to  enable  him  to  purchase  the 
house  in  Crawfordsdyke  in  which  he  lived,  with  a  garden 
attached,  and  afterwards  a  house  in  Greenock;  neidier  of 
them,  however,  being  the  house  which  afterwards  became 
famous  as  the  birth-place  of  his  eminent  grandson.  "The 
"  house  "  (in  which  Thomas  Watt  lived),  says  Mr.  William- 
son, '^  was  situated  on  the  east  side  of  the  bottom  of  the 
"  street  known  by  the  name  of  The  Scanners^*'  (so  called 
from  the  standard  or  weighing-machine  which  stood  next 
door  to  Mr.  Watt's  house),  "  and  had  a  slanting  front  to 
"  what  was  then,  and  still  is,  the  chief  street  or  thorough&re 
"  leading  from  Greenock  towards  Port-Glasgow.  To  the 
"  house  and  garden  here  mentioned  he  acquired  right  by 
"  charter  from  the  superior  on  6th  March,  1691.    .    .    .    The 
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"  house  was,  about  35  years  ago,  pulled  down  and  rebuilt. 
"  Besides  this  property  in  Crawfordsdyke,  Thomas  Watt,  as 
''  before  stated,  was  proprietor  of  another  house  in  the  town 
"  of  Greenock,  which  was  situated  at  the  *  open  shore,'  and 
''  occupied  part  of  the  site  of  the  large  fabric  fronting  the 
^'  short  lane  leading  to  what  is  now  Shaw  Street,  from  the 
**  new  graying  dock."* 

He  seems  to  have  been  highly  esteemed  among  his  worthy 
brother-citizens  of  the  burgh ;  over  which  he  was  made  chief 
magistrate,  or  "  Baillie  of  the  Barony ;"  he  also  became  an 
Elder  of  the  Parish  and  Presbytery,  as  well  as  Treasurer  and 
Clerk  to  the  Kirk-Session,  ecclesiastical  dignities  which  must 
be  supposed  to  bear  witness  to  the  integrity  of  his  life ;  and 
proofs  remain  of  the  nature  of  his  dealings  with  men  and 
things  in  each  of  those  capacities,  which  demonstrate  the 
rigidity  of  the  rule  he  maintained  over  the  minds  and  morals 
of  the  little  community.  Bepairuig  the  church, — widening 
the  bridge, — ^trying  by  mathematical  standards  the  weights 
and  measures  used  in  the  burgh, — are  associated,  in  the 
records  of  the  court  in  which  he  presided,  with  his  infliction 
of  penalties  for  assault  and  battery  of  the  lieges,  his  threat- 
ening with  "  the  pain  of  fourtie  shillings  Scots,  totiea  quotiesy* 
"  several  of  the  young  ones  who  does  upon  that  night  called 

Hallowin  night  abuse  several  yards  in  drawing  of  kail,"  t — 


*  *  MemorialB    of    the     Lineage,  **  loween  is  pulling  each  a  stock  or 

Early    Life,    Education,    and    De-  '*  plant  of  loul.    Thej  must  go  out, 

*  velopment  of  the  Genius  of  James  "  hand  in  hand,  with  eyes  shut,  and 
'  Watt,  by  Geor^  Williamson;  late  **  pull  the  first  they  meet  with  :  its 

*  Perpetual  President    of  the  Watt  **  being    big    or    little,    strai^t    or 

*  GluD  of  Greenock.  Printed  for  the  *'  crooKed,  is  prophetic  of  the  size  and 
'Watt  Club,  1856,'  p.  58— «  work  "  shape  of  the  grand  object  of  all  their 
which,  not  pretending  to  ofier  a  com-  "  spells^ — the  husband  or  wife.  If  any 
plete  biography  of  the  great  man  **  yird,  or  earth,  stick  to  the  root,  that 
whom  it  commemorates,  was  modestly  "  is  tocher,  or  fortune  ;  and  the  taste 
set  forth  as  simply  a  contribution  of  "  of  the  custock,  that  is,  the  heart  of 
accredited  UuQiB  such  as  form  the  *'  tlie  stem,  is  indicative  of  the  natural 
basis  and  material  of  authentic  his-  *'  temper  and  disposition.  Lastly,  ^e 
tory.  As  suoh  it  must  be  viewed  as  "  stems,  or,  to  give  them  their  or- 
of  coDfiderable  value,  and  will  be  "  dinary  appellation,  the  runts,  are 
often  referred  to  in  these  pages ;  "  placed  somewhere  above  the  head 
while  die  liberal  and  enthusis^o  "  of  the  door ;  and  the  Christian 
seal  which  prompted  its  commence-  **  names  of  the  people  whom  chance 
ment  and  ensurea  its  completion  is  to  "  brings  into  the  house  are,  according 
be  commended  as  worthy  of  all  imi-  "  to  the  priority  of  placing  the  runt^ 
tation.  *'  the  names  in  question. ' — Robebt 

f   *'The  first  ceremony  of  Hal-  Burns. 
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his  statuting  and  ordaining  that  "  in  all  time  comeing,  if  any 
"  persons  keip  hens,  and  they  doe  prejudice  to  any  neighbour, 
*'  that  the  owner  sail  mak  up  the  damnage  attour  lyable  in 
**  fourtie  shilling  toties  quoties.  This  act  extends  to  all  sorts 
"  of  taim  foules  ;" — and  many  other  instances  of  discipline, 
equally  minute,  equally  solemn,  and  doubtless,  equally  salu- 
tary. "Sitting  in  and  haunting  taverns,  on  Friday  and 
"  Saturday  nights,"  was,  under  tie  reign  of  his  exemplary 
censorship,  to  be  "  abstained  bova  after  nine  of  the  clock, 
"  at  which  lime  the  bell  of  the  kirk  is  allowed  to  be 
"  rung,  to  give  advertisement  to  all  to  repair  to  their  own 
"  house,  except  in  case  of  necessity ;" — oflTending  skippers 
were  made  "  to  acknowledge  their  guilt "  in  "  loosing  their 
"  ships  and  taking  them  to  seaward  on  the  Sabbath  Day," 
and  were  then  held  to  be  cheaply  let  off  by  being  "  censured 
"  with  a  sessional  rebuke,  and  admonished  to  carry  more 
**  tenderly  on  the  Lord's  Day  for  the  future." 

But  the  greatest  eruption  of  the  volcano  of  vice  which  then 
threatened  to  overwhelm  Carsdyko  with  its  torrent  of  moral 
lava,  probably  occurred  when  "the  Minister  informed  the 
"  Session  that  mountebanks  having  come  to  the  place,  had 
"  erected  a  stage  for  a  stage-play  to  be  acted  thereon, 
"  and  proposed "  —  {i.  e.  the  Minister, — ^not  the  mounte- 
banks !) — "  they  should  fall  on  some  effectual  method  for 
"  suppressing  the  same."  And  "  the  Session,  considering  the 
thing  to  be  unlawful,  and  inductive  of  much  sin  and  loose- 
ness, appointed  some  of  their  number,  to  wit,  James  Craw- 
"  ford,  John  Clark,  and  Tliomas  Watt,  to  go  to  the 
"  Doctor " — (not  the  Minister,  but  the  quack-mountebank), 
"  in  name  of  the  Session,  and  discharge  him  to  use  rope- 
"  dancing,  and  men  simulating  themselves  fools,  or  women 
"  exposing  themselves  to  public  [gaze]  by  dancing  on  the 
"  stage,  or  any  indecent  behaviour,  allowing  him  only  to  ex- 
"  pose  his  drugs  or  medicines  to  public  sale."  It  is  not 
always  necessary  for  men  to  "  simulate  themselves  "  fools  in 
order  to  show  themselves  to  be  so ;  but,  without  intending 
any  reflection  on  the  venerable  kirk-session,  it  may  be  ques- 
tioned how  far  their  exception  of  the  "  drugs  or  medicines  " 
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from  the  general  anathema  could  have  been  beneficial  to  the 
bodies  of  the  worthy  burghers,  any  more  than  the  antics  of 
the  merry-andrews  and  their  fair  but  too  fix)licsome  compa- 
nions were  likely  to  promote  the  welfare  of  their  souls.  The 
desire  to  partake  of  the  one,  however,  would  doubtless  be  less 
general  than  the  longing  to  witness  the  other ;  and  could  not 
readily  be  suspected  of  any  tendency  towards  dangerous  over- 
indulgence. 

The  name  of  Thomas  Watt's  wife  was  Margaret  Sherrer ; 
by  her  he  had  six  children,  of  whom  Margaret,  Catherine, 
and  Thomas,  all  died  in  infancy,  and  Doritie, — so  the  name  is 
spelt, — at  the  age  of  eighteen.  Thomas  Watt  died  on  the 
27th  of  February,  1734,  "aged  about  95  years,"  and  his 
widow  on  the  21st  of  March,  1735,  "aged  84  years,"  as 
stated  in  the  Register  of  burials  of  the  Old  or  West  parish  of 
Greenock ;  or  92  and  79  years  respectively,  as  engraved  on 
the  tomb-stone  of  Thomas  Watt  and  his  family,  in  the  church- 
yard of  the  same  parish.  Of  the  two  accounts,  the  former  is 
the  more  trustworthy,  at  least  one  error  having  certainly 
been  committed  by  the  workman  employed  in  cleaning  and 
deepening  the  inscription  on  the  tomb-stone,  in  1808  ;  for  he 
unwittingly  altered  the  date  of  Mrs.  (Thomas)  Watt's  death 
from  1735  to  1755,  which,  besides  making  her  thirty-four 
years  older  than  her  husband,  is  known  to  be  erroneous  from 
the  short  interval  that  occurs  in  the  Begister  between  the 
record  of  his  death,  in  1734,  and  that  of  her  own. 
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CHAPTER  IL 

JOHN  AND  JAMES  WATT'  OF  QREBNOCK  —  SCENERY  OF  THE  FBITH  OF  CLYDE 

—  RAPID   PROGRESS    IN   THE    NAVIGATION    OF    THAT    RIVER LIFE    AND 

PURSUITS  OF  JAMES  WATT  OF  GREENOCK,  FATHER  OF  THE  GREAT 
ENGINEER — AGNES  MUIRHEID,  HIS  WIFE  —  MUIRHEADB  OF  LACHOP  — 
FIX>DDEN  FIELD  —  CHARACTER  AND  DEATH  OF  AGNES  MUIRHEID  OB 
WATT  —  HER  BROTHER,  JOHN  MUIRHEID. 

Two  sons  of  Thomas  Watt,  John  and  James,  grew  up  to  man's 
estate,  surviving  their  parents;  and  both  of  them  appear  to 
have  been  diligently  trained  by  their  father  in  his  own  pur- 
suits ;  in  which  John,  the  elder  of  the  two,  was  for  some  time 
able  to  be  of  service  in  assisting  his  kind  instructor.  In 
1712,  John  Watt,  being  then  twenty-five  years  of  age,  was 
appointed  clerk  to  the  barony  of  Cartsbum,  and  burgh  and 
barony  of  Crawfordsdyke,  of  which  his  father  was  for  many 
years  the  baillie.  But  he  soon  quitted  Greenock  for  Glas- 
gow, to  seek  a  wider  field  for  the  exercise  of  his  profession ; 
and  there,  as  a  surveyor,  he  obtained  considerable  practice ; 
dying  unmarried,  at  the  age  of  fifty,  in  1737.  He  left  behind 
him  a  Survey  of  the  course  and  Frith  of  the  river  Clyde, 
from  above  Eutherglen  and  Dalbeth  on  the  East,  to  Loch 
Eyan,  Portincross,  and  the  coast  of  Ireland  on  the  South, 
and  the  islands  of  Islay,  Colonsay,  and  part  of  Mull  on  the 
West  This  Survey  was  made  in  1734 ;  it  was  engraved  in 
1759,  and  published  in  1759-60,  by  the  united  cares  of  his 
brother  James,  and  of  his  two  nephews,  John  and  James ;  of 
whom  the  one  perished  at  sea  two  years  afterwards,  on  a 
voyage  to  America  in  one  of  his  father's  ships,  at  the  age  of 
twenty-four,  and  the  other  was  the  great  engineer. 

"  The  Survey,"  writes  the  latter  in  1794,  "  as  far  as  the 
"  Point  of  Toward,  was  done  by  my  uncle  before  I  was 
"  bom ;  the  remainder  was  added  by  my  father  and  my 
^'  brother,  but  is   not  over  accurate."    Several  alterations 
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were  made  on  the  map,  by  the  engineer's  own  hand, 
before  it  was  engraved;  particularly  on  that  portion  of 
it,  comprehending  the  islands  of  Mull,  Islay,  &c.,  which 
occupies  a  separate  division  of  the  map,  and  is  entitled 
"  Entry  to  the  Eiver  and  Firth  of  Clyde  and  adjacent 
"  islands,  according  to  the  best  authorities."  As  copies  of 
the  original  engraving  are  now  very  rarely  met  with,  (we 
know  of  only  three),  we  may  add,  for  the  information  of 
those  curious  in  such  matters,  that  the  name  of  the  engraver 
was  Thomas  Phinn,  Edinburgh ;  that  the  size  of  the  copper- 
plate was  29  X  21  inches ;  and  that  the  impression  struck  off 
in  1759  consisted  of  450  copies.  The  expense  of  engraving 
and  printing  was  20/.,  and  the  impressions  were,  about  a 
century  ago,  sold  at  2s.  Gd.  each.  For  the  possession  of  an 
excellent  copy,  rendered  additionally  interesting  by  some 
MS.  additions  of  dates  and  names  in  the  hand-writing  of  the 
great  engineer,  we  are  indebted  to  the  kindness  of  the  late 
William  Davie,  Esq.,  LL.D.,  the  much-respected  principal 
Town-clerk  of  the  city  of  Glasgow.  And  the  Watt  Club  of 
Greenock  have  done  honour  to  themselves,  and  good  service 
to  the  public,  by  printing  an  excellent  lithographic  fac-simile 
of  the  Survey,  reduced  to  somewhat  less  than  two-thirds  of 
the  size  of  the  original ;  on  which,  also  in  most  truth&l  fac- 
simile, are  given  the  MS.  notes  already  spoken  of. 

It  is  extremely  interesting  to  trace  on  the  map-chart  so 
prepared,  the  course  of  the  Clyde  throughout  that  important 
part  in  which  alone  it  can  be  called  a  navigable  river; 
a  term  which  then  could  be  applied  to  it  only  with  the 
very  greatest  restrictions.  For  we  there  see  that  its  channel 
at  that  time  was  almost  entirely  filled  with  sand-banks  and 
wide-spread  beds  of  accumulated  alluvial  gravel  and  mud ; 
that  at  Dumbuck,  half-way  between  Greenock  and  Glasgow, 
where  now  great  Indiamen  and  magnificent  steamers  of  all 
bat  Leviathan  size  can  pass  in  safety  with  their  freights, 
there  actually  was  at  low  water  a  fardy  the  soundings  on 
which  were  at  the  greatest  height  of  high-water  not  more 
than  nine  feet ;  that  at  Glasgow  there  was  but  one  bridge, 
where  now  there  are  five ;  and  that  the  streets  of  that  city, 
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now  between  five  and  six  hundred,  were  then  not  more  than 
a  tenth  of  that  number,  as  another  century  earlier  they  had 
been  called  but  four.  But  perhaps  the  spots  which  on  the 
whole  chart  most  deserve  notice,  are  the  microscopic  har- 
bour of  Greenock,  and  the  still  more  modest  "jetty"  of 
"  Carsdyk,"  with  the  few  and  humble  habitations  attached 
to  those  two  new-bom  burghs  respectively;  out  of  which 
there  was  to  come  one  whose  mighty  destiny  it  was  to  be 
to  raise  his  country  to  an  eminence  of  power  and  w^ealth 
unexampled  among  nations,  and  to  work  a  change  on  the 
whole  face  of  the  habitable  globe,  of  which,  as  yet,  we  perhaps 
see  only  the  vast  beginnings,  and  of  which  no  human  foresight 
can  pretend  to  predict  the  inconceivable  results. 

But  at  the  date  to  which  our  narrative  had  brought  us 
these  things  were  not  yet ;  and  we  must  return  to  the  little 
burghs,  reposing  in  all  their  early  simplicity  and  pious  peace- 
fulness,  "fast  by"  the  fair  frith  of  the  river  Clyde,  and 
sheltering  under  their  friendly  roofs  one  generation  after  an- 
other of  the  creditable  and  mathematical  family  of  Watt 
James,  the  younger  son  of  Thomas  Watt,  was  bom  on  the 
28th  of  January,  1699,  and  is  said,  after  having  served  an 
apprenticeship  to  a  builder  and  shipwright  in  Crawfordsdyke, 
to  have  settled  in  Greenock  about  the  time  of  his  marriage 
in  1728  or  1729,  when,  consequently,  he  must  have  been  on 
the  verge  of  thirty  years  of  age.  If  not  so  deeply  versed  in 
the  theories  of  abstract  science  as  either  his  father  or  his 
brother,— or,  we  need  scarcely  add,  as  his  illustrious  son, — he 
seems  to  have  been  not  less  energetic  in  the  practice  of  those 
useful  occupations  to  which  he  devoted  his  life.  They  were, 
in  his  case,  a  somewhat  multifarious  compound  of  commerce, 
and  of  the  more  ordinary  handicraft  arts  required  for  the  pur- 
poses of  commercial  and  seafaring  men ;  he  was  a  shipwright ; 
a  ship-chandler,  supplying  vessels  with  nautical  apparatus, 
stores  and  instmments ;  a  builder ;  and  a  merchant.  For 
upwards  of  twenty  years  he  was  a  member  of  the  Town 
Council  of  Greenock,  and,  during  great  part  of  that  time,  its 
Treasurer ;  a  magistrate ;  and  always  a  zealous  and  enlight- 
ened promoter  of  the  improvements  of  the  town  of  which  he 


Chap.  II.  MUIRHEADS  OF  LACHOP.  13 

was  an  inhabitant.  Above  aU,  it  is  recorded  by  one  who 
knew  him  well,  that  he  was  an  intelligent,  upright,  and  bene- 
volent man ;  and,  although  he  probably  never  expected  that 
the  good  he  did,  should  be  thus  made  to  "  live  after  him," 
but  rather  that  it  should  be  "  interred  with  his  bones,"  yet  in 
his  case,  as  in  many  others  of  equally  unpretending  virtue,  it 
has  thus  happened  that 


(( 


the  actions  of  the  just 


(( 

€< 


"  Smell  sweet,  and  blossom  in  the  dust." 

The  lady  whom  James  Watt  of  Greenock  married  was 
Agnes  Muirheid,  or  Muirhead,  (for  the  name  was  indiflferently 
spelt  in  either  way),  "  a  fine-looking  woman,  with  pleasing, 
"  graceful  manners,  a  cultivated  mind,  an  excellent  under- 
"  standing,  and  an  equal,  cheerful  temper."  She  was  de- 
scended from  a  branch  of  a  family  of  some  note  in  the  early 
history  of  Scotland,  "  settled  in  the  shire  of  Clidesdale  time 
immemorial,  and  certainly  before  the  reign  of  David  the 
First  of  Scotland,  anno  1122,  and  were  a  distinct  people  by 
"  themselves,  who  never  acknowledged  any  superior,  but 
"  were  Liberi  tenentes  Regis  et  Coronse,  and  have  always 
"  been  great  soldiers  and  warriors."  The  ancient  family  of 
the  Muirheads  of  Lachop,  who  were  chiefs  of  their  clan,  gave 
to  the  see  of  Glasgow,  in  1454,  (before  its  erection  into  an 
archbishopric),  its  pious  and  learned  Bishop  Dr.  Andrew 
Muirhead,  who  in  1468  was  sent  as  ambassador  to  Copen- 
hagen, to  settle  the  marriage  of  Margaret  "  the  Maid  of 
"  Norway"  to  King  James  III. ;  and,  in  1494,  the  same  family 
supplied  the  realm  of  Scotland  with  a  Lord  Clerk  Register, 
Judge,  and  Secretary  of  State,  in  the  person  of  Dr.  Richard 
Muirhead,  Dean  of  Glasgow.  But  the  most  glorious,  though 
disastrous  fate  of  the  Muirheads,  clan  and  chieftain  alike, 
befell  them  on  the  fatal  day  of  Flodden  field, — "  in  campo 
**  belli  de  Northumberland,  sub  vexillo  Domini  Regis," — 
where  they  occupied  the  post  of  honour  and  of  danger  as  the 
body-guard  of  the  King.  There,  when,  as  the  old  song  has  it, 
"  The  English,  far  (mce,  by  guile  wan  the  day,"  they  sealed 
their  loyal  devotion  to  their  monarch  with  their  blood ;  and 
Sir  Walter  Scott,  in  his  '  Minstrelsy  of  the  Scottish  Border,' 
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has  preserved  the  record  of  their  fatal  feat  of  arms  in  the  old 
ballad  of  "  The  Laird  of  Muiehead." 

"  Before  the  King  in  order  stude 

"  The  stout  Laird  of  Muirhead, 
"  Wi*  that  same  twa-hand  muckle  sword 

**  That  Bartram  fell'd  stark  dead.* 


It 


He  sware  he  wadna  lose  his  right 
"  To  fight  in  ilka  field, 
Nor  budge  him  frae  his  liege's  sight 
"  Till  his  last  gasp  should  yield. 

Twa  hunderd  mair,  of  his  ain  name, 
"  Frae  Torwood  and  the  Clyde, 

Sware  they  wad  never  gang  to  hamo, 
"  But  a'  die  by  his  side. 

And  wondrous  weill  they  kept  their  troth 
**  This  sturdy  royal  band 
Rush'd  down  the  brae  wi'  sic  a  pith 
"  That  nane  could  them  withstand. 

"  Mony  a  bludey  blaw  they  delt, 

"  The  like  was  never  seen ; 
"  And  hadna  that  braw  leader  falPn, 

"  They  ne'er  had  slain  the  King." 


It 
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*  *  Minstrelsy  ofthe  Scottish  Border/ 
vol.  i.  p.  283,  ed.  1803.  "The  trar 
**  dition  Koes,  and  as  I  had  it  from  a 
**  learned  and  curious  antiquary,  who 
**  was  also  a  gentleman  of  great  rc- 
••  putation  and  integrity — I  mean  my 
**  most  worthy  friend  WiUiam  Ha- 
*'  milton  of  w  ishaw — that  the  Laird 
**  of  Muirhead  of  tliat  ilk— de  Muir- 
**  head,  as  I  have  often  found  them 
**  designed  in  the  time  of  King  Robert 
"  II. — got  the  lands  of  Lachop  and 
"  others  for  assaulting  and  killing  a 
**  great  robber  that  infested  all  that 
**  part  of  the  country  by  violent  ravages 
**  and  depredations,  which  he  earned 
**  to  a  very  insufferable  degree ;  so 
**  that  at  length  the  government  were 
"  obliged  to  take  notice  of  him,  and 
**  by  a  public  act  notified  '  that  who- 
*'  *  soever  should  apprehend,  kill  him, 
**  *  or  bring  him  to  justice,  should  be 
**  *  rewarded  with  such  and  such  lands.' 
**  His  name,  the  tradition  tells  us,  was 
*'  Bartram  de  Shotts :  he  was  a  terror 
**  to  every  body  that  resided  near  him, 
**  or  who  had  occasion  to  pass  east  or 
**  west  through  those  pazts  where  he 


"  lurked  and  had  his  baonts.  The 
**  Laird  of  Muirhead  at  the  time  was 
"  a  bold,  daring,  intrepid  man ;  he  did 
"  not  surprise  him  m  his  lurking- 
**  places,  but  with  a  few  in  his  com- 
'*  pany,  to  whose  courage  and  valour 
'*  he  could  well  trust,  came  up,  and  in 
**  the  daytime  attacked  him  in  tliat 
'*  valley  on  the  east  side  of  the  Kirk 
**  of  Shotts,  when,  after  a  pretty  smart 
"  encounter,  the  Goliath  Bartram  was 
**  slain  on  the  place.  The  Laird  of 
"  Muirhead  cut  the  head  off  this 
*  robber,  which  he  carried  straight  to 
'*  the  King,  who  immediately,  m  the 
"  terms  of  the  proclamation,  ordered 
**  him  a  charter  and  infeflment  of 
**  those  lands  that  were  Aen,  or  soon 
'*  after,  called  Lachop,  and  gave  him, 
**  as  an  additional  honour  to  his  arms, 
*'  the  three  acorns  in  the  seed,  on  the 
*'  bend  dexter ;  for  crest,  two  hands 
"  supporting  a  sword  in  pale,  proper ; 
**  and  the  motto,  Auxtlio  Dei,  which 
"  is  borne  by  the  family  to  this  diy.*' — 
Account  of  the  Family  of  tlie  Muir- 
heads  in  Nisbefs  '  Heraldry,'  vol.  ii. 
Appendix,  p.  258. 
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Agnes  Muirheid  lived  in  happy  wedlock  with  James  Watt 
of  Greenock  for  a  quarter  of  a  century,  and  died  in  1755, 
aged  52.  Her  portrait,  which  is  still  in  existence,  well  exe- 
cuted in  oil  colours,  seems  to  justify  the  encomiums  passed  by 
those  who  knew  her,  on  the  great  comeliness  of  her  coun- 
tenance ;  and  on  the  quiet  good  sense  and  serene  composure 
of  her  mind.  In  Mr.  Williamson's  volume  her  likeness  is  thus 
drawn,  and  all  that  we  have  ever  heard  concerning  her  con- 
firms the  truth  of  the  portraiture : — "  A  gentlewoman  of  good 
"  understanding  and  superior  endowments,  whose  excellent 
"  management  in  household  affairs  would  seem  to  have  con- 
"  tributed  much  to  the  order  of  her  establishment,  as  weU  as 
"  the  every-day  happiness  of  a  cheerful  home.  She  is  de- 
"  scribed  as  having  been  a  person  above  common  in  m«my 
"  respects,  of  a  fine  womtmly  presence,  ladylike  in  appearance, 
affecting — according  to  our  traditions — in  domestic  arrange- 
ments, what  it  would  seem  was  considered,  for  the  time, 
"  rather  a  superior  style  of  living.  .  .  .  Our  venerable 
"  informant  described  James  Watt's  mother — in  her  eloquent 
"and  expressive  Doric — as  *  a  braw,  hraw  worrum, — none  now  to 
"  *  be  Been  like  her' "  If  it  be  true  that  from  the  mother  chiefly 
are  derived  the  natural  temper,  disposition,  and  abilities  of  the 
child,  we  cannot  err  in  giving  all  the  information  we  possess 
as  to  those  which  characterised  the  mother  of  James  Watt. 
It  is  said  that  her  death  was  preceded  by  a  singular  dream, 
in  which  "  she  heard  a  voice  requiring  her  to  prepare  for 
"  appearing  within  three  days  before  the  judgment-seat  of 
"  Christ  ;"  and  that  within  three  days  thereafter  she  sud- 
denly died.* 

John  Muirheid,  the  brother  of  Mrs.  Watt,  and  James  Watt 
her  husband,  were  united  in  many  mercantile  adventures, 
though  without  entering  into  any  formal  articles  of  part- 
nership. There  was  indeed  no  occasion  for  the  constraint 
of  such  fetters,  where  the  parties  were  both  ^secure  of  each 
other's  disinterested  honour,  and  suflSciently  connected  by  the 
ties  of  affinity  and  mutual  affection ;  and  although  Mr.  Watt, 
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in  the  latter  part  of  his  life,  experienced  heavy  commercial 
losses,  which  swept  away  a  great  portion  of  the  respectable 
fortune  which  his  assiduous  industry  had  realised,  we  believe 
those  to  have  arisen  from  enterprises  with  which  no  member 
of  his  brother-in-law's  family  was  in  anywise  associated.  Mr. 
John  Muirheid  died  in  1769,  leaving  to  his  son  Eobert  the 
beautiful  estate  of  Croy  Leckie,  in  the  parish  of  Killeam, 
and  county  of  Stirling. 


Chap.  III.        BIRTH  OF  JAMES  AND  JOHN  WATT.  17 


CHAPTER  III. 

CHILDREN   OP  JAMES   WATT   OP   GREENOCK,  AND   AGNES   MUIRHEID  —  BIRTH 
OF  JAMES  WATT  —  JOHN  WATT,  HIS  YOUNGER  BROTHER  —  JAMES  WATT's 

childhood  —  his  home,  education,  and  feeble  heaiith  —  mrs. 
Campbell's  memoranda  of  his  early  years  —  his  powers  of  imagi- 
nation—  HIS  FIRST  OBSERVATION  OF  THE  CONDENSATION  OP  STEAM  — 
VARIETY  OF  HIS  YOUTHFUL  STUDIES  AND  PURSUITS. 

To  Mr.  Watt  of  Greenock  and  Agnes  his  wife,  there  were 
bom  five  children  ;  of  whom  the  three  eldest, — two  sons  and 
a  daughter, — died  in  infancy  or  early  childhood.  The  fourth 
was  James,  the  subject  of  this  biography,  who  was  bom  on 
the  19th  day  of  January,  1736 ;  and  the  fifth  was  John,  who 
was  bom  in  1739,  and  died  at  sea,  as  lias  already  been  men- 
tioned, in  1762.  Premature  as  was  his  fate,  he  was  yet  able, 
as  we  have  seen,  to  assist  his  father  and  elder  brother  in 
completing  the  survey  of  the  Clyde  which  had  been  left 
unfinished  by  his  uncle  of  the  same  name ;  and  as  that  survey 
was  engraved  and  published  in  1759-60,  his  aid  in  that  family 
undertaking  must  have  been  given  before  he  was  twenty-one. 
He  had  been  destined  to  follow  his  father's  business,  and  the 
fatal  voyage  to  America,  on  which  he  was  sent  while  still  so 
young,  was  probably  considered  as  likely  to  prove  highly 
advantageous,  by  increasing  his  experience  of  nautical  affairs, 
and  enlarging  the  horizon  of  his  observation,  before  he  should 
again  settle  down,  either  In  the  family  home,  or  in  some 
other  sphere.  How  far  he  might  have  been  able  to  keep 
pace  with  his  gifted  brother  in  the  career  on  which  he  was 
80  soon  to  enter,  is  a  problem  that  must  remain  for  ever 
unsolved ;  but  it  is  curious  to  observe  how  decidedly  a  turn 
for  scientific  pursuits  seems,  in  some  measure  at  least,  to 
have  been  common  to  every  male  of  that  family,  so  as  to 
have  become  almost  the  birthright  of  both  of  the  grandsons 
of  Thomas  Watt,  "  the  old  mathematician."     And  it  may  be 
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added,  that  the  same  inclination  continued  to  "  run  in  their 
"  veins,"  till  the  line  of  direct  male  descent  itself  became 
extinct,  by  the  death,  without  issue,  of  both  of  the  sons  of 
the  illustrious  improver  of  the  steam-engine. 

The  childhood  of  James  Watt  presents  us  with  the  spec- 
tacle, only  too  frequent  in  the  histories  of  men  of  genius,  of 
great  delicacy  of  constitution,  and  consequent  inability  to 
bear  an  equal  part  in  either  the  toils  or  the  sports  common  to 
other  boys  of  his  own  age.  But  the  same  excellent  authority 
on  which  we  know  that  in  his  early  years  he  was  physically 
sickly  and  feeble,  has  also  told  us  that : — "  When  he  was 
"  six  years  of  age,  a  gentleman  calling  on  Mr.  Watt  observed 
"  the  child  bending  over  a  marble  hearth,  with  a  piece  of 
coloured  chalk   in  his  hand.     *Mr.  Watt,'  said  he,  *you 

ought  to  send  that  boy  to  a  public  school,  and  not 
"  *  allow  him  to  trifle  away  his  time  at  home,'  *  Look 
"  *how  my  child  is  occupied,  before  you  condemn  him,' 
"  replied  the  father.  The  gentleman  then  observed,  that  the 
*'  child  had  drawn  mathematical  lines  and  circles  on  the 
'*  marble  hearth,  and  was  then  marking  in  letters  and  figures 
"  the  result  of  some  calculation  he  was  carrying  on ;  he  put 
'*  various  questions  to  the  boy,  and  was  astonished  and  gra- 
'^  tified  with  the  mixture  of  intelligence,  quickness,  and  sim- 
"  plicity,  displayed  in  his  answers.  *  Forgive  me,  Mr. 
"  *  Watt ; — this  boy's  education  has  not  been  neglected : — ^he 
"  *  is  no  common  child.' " 

"  His  parents  were  indulgent,  yet  judicious  in  their  kind- 
'*  ness ;  and  their  child  was  docile,  grateful,  and  affectionate. 
"  From  an  early  age,  he  was  remarkable  for  manly  spirit,  a 
"  retentive  memory,  and  strict  adherence  to  truth ;  he  might 
"  be  wilful  or  wayward,  but  never  was  insincere.  His  faults 
"  were  ever  acknowledged  with  candour,  and,  when  any 
'^  quarrels  occurred  with  his  young  friends,  his  father  said, 
"  *  Let  James  speak ;  from  him  I  always  hear  truth.' " 

"  He  received  from  his  mother  his  first  lessons  in  reading ; 
"  his  father  taught  him  writing  and  arithmetic  Owing  to 
'^  variable  health,  his  attendance  on  public  classes  at  Green- 
"  ock  was  irregular ;  his  parents  were  proud  of  his  talents, 
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**  and  enconraged  him  to  prosecute  his  studies  at  home.  His 
"  father  gave  him  a  set  of  small  carpenter's  tools,  and  one  of 
"  James's  favourite  amusements  was  to  take  his  little  toys  to 
"  pieces,  reconstruct  them,  and  invent  new  playthings." 
Every  one  must  admire  the  enlightened  aflTection  which 
could,  amid  all  the  happy  little  works  and  ways  of  home, 
allow  to  the  intelligent  boy  a  latitude  such  as,  in  those  days 
of  rigid  paternal  disciplijae,  was  perhaps  unusual,  but  not 
misplaced ;  which  could  with  watchful  kindness  supply  every 
reasonable  wish  and  want,  suggest  every  cheerful  and  thought- 
ful occupation,  and  yet  refrain  from  urging,  in  hours  of  ill- 
ness or  languor,  the  opening  mind  to  more  sustained  exer- 
tions, thus  avoiding  all  risk  of  overstraining  its  energies,  and 
of  weakening  its  powers. 

Of  the  boyish  years  of  the  future  mighty  engineer,  various 
incidents  have  been  recorded, — some  of  them  slight  and 
trivial  enough,  such  as  are  those  of  the  little  respect  in 
which  his  school  companions  are  said  to  have  held  his 
abstracted  and  contemplative  nature,  his  silent  suflTerings 
as  an  invalid,  and  his  consequent  disinclination,  —  and, 
indeed,  inability, — to  mix  in  boisterous  play  and  unmean- 
ing idleness;  as  well  as  of  the  slowness  with  which  most 
of  them  awoke  to  the  conviction  that  "  Jamie  Watt "  was 
"  no  vulgar  boy,"  and  was  likely  to  prove  no  illiterate  one. 
The  report,  however,  of  "a  certain  mental  dulness"  said 
to  have  been  "  exhibited  by  him  during  the  earlier  period 
"  of  his  school  days,"  rests  only  on  the  opinion,  conceived 
at  that  early  age  by  one  or  two  of  those  very  comrades, — 
"  burly  youngsters,"  as  they  have  been  appropriately 
termed ; — and  naturally  leads  us  to  remark  that  it  appears 
to  be  rather  inconsistent  with  that  other  record  which 
we  have  just  been  transcribing.  In  a  conflict  of  such 
authorities,  we  could  not  for  a  moment  hesitate  as  to 
which  ought  to  command  our  belief ;  nor  could  we  adopt 
as  matter  of  fact  the  opinion  alleged  to  have  been  held 
on  this  subject  by  some  venerable  survivors  of  the  number 
of  Watt's  school  companions,  without  confessing  how  great 
must  have  been  the  mental  brilliancy,  at  the  same  age, 
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of  those  early  cynics  who  could  feel  such  pity  for  the  com- 
parative intellectual  weakness  of  James  Watt ! 

But  another  explanation  presents  itself,  which  enables  ua 
to  reconcile  any  apparent  discrepancy  between  the  two  state- 
ments. We  trust  that  we  do  no  injustice,  nor  show  any  undue 
disrespect  to  the  memory  of  the  worthy  personf^es  more 
immediately  referred  to,  if  we  venture  to  suggest  that  between 
their  views,  their  habits  of  thought,  and  subjects  of  reflection, 
and  those  of  James  Watt  even  in  his  boyhood,  there  may 
have  been,  and  there  probably  was,  so  wide  a  difference,  as 
to  make  him  no  very  congenial  companion  for  them,  nor 
them  very  competent  judges  of  him.  The  day-star  might 
all  the  wliile  be  dawning,  and  even  shining  more  and  more 
unto  the  perfect  and  glorious  day ;  and  yet  its  light  might 
be  slowly  discerned  by  eyes  habitually  bent  towards  the 
earth. 

Fortunately  it  happens  that  other  anecdotes,  of  quite  a 
different  sort,  have  also  been  preserved,  relating  to  the  same 
early  period,  which  are  of  great  value  in  every  way,  and  far 
too  curious  to  be  here  omitted.  Their  tendency  is  uniform, 
and  in  one  direction;  while  the  authenticity  of  the  MS. 
notice  from  which  they  are  taken  is  unimpeachable,  and  its 
exactness  has  been  effectually  guaranteed.  The  document 
in  question  is   entitled  *  Memoranda  of  the  e€u:ly  years  of 

*  Mr.   W^att,   by   his  cousin,   Mrs.   Marion   Campbell   (born 

*  Muirheid,  daughter  of  his  mother's  brother),  who  was  his 

*  companion  in  early  youth,  and  friend  through  life ;  dictated 

*  to  and  wTitten  down  by  her  daughter  Miss  Jane  Campbell 

*  in  1798.'  In  thanking  Miss  Campbell  in  1834  for  a  tran- 
script of  that  paper,  the  late  Mr.  W^att  of  Aston  Hall,  (son 
of  the  great  engineer),  assured  her  that  he  attributed  the 
greatest  value  to  a  record  which  he  justly  described  as  con- 
taining information  at  once  so  full  and  so  specific ;  and  re- 
marked that  it  was  so  accordant  with  aU  he  had  himself 
known  of  his  revered  father's  character  in  later  years,  that 
he  entertained  not  a  doubt  of  its  perfect  accuracy. 

**  That  his  powers  of  imagination  and  composition,"  says 
Mrs.  Campbell,  "  were   early  displayed,  appears   from  the 
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"  following  incident.  He  was  not  fourteen  when  his  mother 
**  brought  him  to  Glasgow  to  visit  a  friend ;  his  brother  John 
"  accompanied  them :  on  Mrs.  Watt's  return  to  Glasgow  some 
*'  weeks  after,  her  friend  said,  *  You  must  take  your  son  James 
"  '  home ;  I  cannot  stand  the  state  of  excitement  he  keeps  me 
"  *  in  ;  I  am  worn  out  with  want  of  sleep ;  every  evening  before 

*  ten  o'clock,  our  usual  hour  of  retiring  to  rest,  he  contrives 
'  to  engage  me  in  conversation,  then  begins  some  striking 

*  tale,  and,  whether  humorous  or  pathetic,  the  interest  is  so 
'  overpowering,   that   all  the   family   listen  to  him   with 

*  breathless  attention ;  hour  after  hour  strikes  unheeded ;  in 

*  vain  his  brotlier  John  scolds  and  pulls  him  by  the  arm, 
'  Come  to  bed,  James ;  you  are  inventing  story  after  story 
'  to  keep  us  with  you  till  after  midnight,  because  you  love 
'  company,  and  your  severe  fits  of  toothache  prevent  your 

*•  '  sleeping  at  an  earlier  liour.' 

"  Sitting  one  evening  with  his  aunt  Mrs.  Muirheid  at  the 
"  tea-table,  she  said :  '  James  Watt,  I  never  saw  such  an  idle 
'*  *  boy :  take  a  book  or  employ  yourself  usefully ;  for  the  last 

*  hour  you  have  not  spoken  one  word,  but  taken  off  the  lid 

*  of  that  kettle  and  put  it  on  again,  holding  now  a  cup 
'  and  now  a  silver  spoon  over  the  steam,  watching  how  it 

"  '  rises  from  the  spout,  and  catching  and  connecting  the 
drops  of  hot  water  it  falls  into.  Are  you  not  ashamed  of 
spending  your  time  in  this  way  ? '  " 
"  In  the  year  1750,"  said  M.  Arago,  in  addressing  the 
assembled  members  of  the  Institute  of  France,  "  each  one  of 
"  us,  in  the  same  situation  as  Mrs.  Muirheid,  would  perhaps 
"  have  used  the  same  language.  But  the  world  has  made  a 
"  stride,  and  our  knowledge  has  grown  greater ;  and  so,  when 
I  shall  immediately  explain  to  you  that  the  principal  dis- 
covery of  our  fellow-member  was  a  particular  mode  of  con- 
verting steam  into  water,"  [the  condensation  of  steam  in  a 
separate  vessel  from  the  boiler],  "  Mrs.  Muirheid's  reproof  will 
"  present  itself  to  our  minds  under  a  totally  different  aspect : 
"  the  little  James  before  the  tea-kettle  becomes  the  mighty 
"  engineer  preluding  to  the  discoveries  whicli  were  to  immor- 
"  taUse  him ;    and  it  will,  by   every  one,   undoubtedly  be 
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"  deemed  worthy  of  remark,  that  the  words  condensation 
**  OF  STEAM  should  naturally  have  come  to  find  a  place  in  the 
"  history  of  Watt's  early  childhood." 

Mrs.  Campbell's  narrative  continues : — "  It  appears  that 
"  when  thus  blamed  for  idleness,  his  active  mind  was  em- 
"  ployed  in  investigating  the  properties  of  steam :  he  was 
"  then  fifteen,  and  once  in  conversation  he  informed  me  that 
"  before  he  was  that  age  he  had  read  twice,  with  great  atten- 
"  tion,  S'Gravesande's  Elements  of  Natural  Philosophy  ;* 
"  adding  that  it  was  the  first  book  upon  that  subject  put  into 
"  his  hands,  and  that  he  stiU  thought  it  one  of  the  best 
"  When  health  permitted,  his  young  ardent  mind  was  con- 
"  stantly  occupied,  not  A^ith  one  but  with  many  pursuits. 
"  Every  new  acquisition  in  science,  languages,  or  general 
**  literature,  seemed  made  without  an  efibrt  While  under 
"  his  father's  roof,  he  went  on  with  various  chemical  experi- 
^'  ments,  repeating  them  agedn  and  again  until  satisfied  of 
**  their  accuracy  from  his  own  observations.  He  had  made 
^'  for  himself  a  small  electrical  macliine,  and  sometimes 
"  startled  his  young  friends  by  giving  them  sudden  shocks 
"  from  it." 

We  pause  here  to  remark  that  in  point  of  novelty,  and, 
indeed,  also  of  the  mental  capacity  required  to  apprehend  its 
true  nature  and  construction,  an  electrical  machine  was  in 
those  days  a  very  difierent  thing  from  one  made  or  used  at 
the  present  time.  For  young  Watt's  performance  must  have 
been  about  the  years  1750-53;  and,  as  many  of  our  readers 
are  aware,  the  Leyden  phial  was  not  invented  till  the  years 
1745.46.t 

"  His  early  years  were  passed  in  Greenock ;  from  the  age 
"  of  fourteen  he  was  often  in  Glasgow  with  his  uncle  Mr. 
'^  Muirheid,  and  read  and  studied  much  on  chemistry  and 

*  'Physio^  Elementa  Mathematica  '  Lngdtini  Batavorum,  m.dco.xx.*    2 

'  cxpcrimontiB  conflrmata,  sive  Intro-  vols.  4to.    This  work  was  translated 

'  dnctio  ad  Philosophiam  Newtoni-  into  EnfliBh  in  the  same  year,  and 

*  anam.     Auctore  Gulielmo  Jacobo's  afterwaras  went  through  many  edi- 

*  Gravesande,    A.L.M.   Jar.  Utr.  et  tions  in  that  language. 

*  PhiL  Doctore,  Begiae  Societ  Lond.  f  See  Priestley^s  History  of  Elec- 

*  Socio;  Astron.  et  Math,  in  Acad,  tricity,  p.  80,  edit.  1769. 

*  Lugd.   Bat.    Professore    ordinario. 


Chap.  IU.  HIS  YOUTHFUL  PURSUITS.  23 

**  anatomy.  He  took  a  deep  interest  in  this  latter  subject, 
**  and  in  all  connected  with  the  medical  art,  and  was  once 
"  observed  carrying  off  a  child's  head  that  had  died  of  some 
**  uncommon  complaint"  Mr.  Watt  continued  through  life 
much  attached  to  the  medical  art,  and  had  deeply  studied  his 
own  constitution.  He  treated  his  own  complaints,  and  those 
of  his  family  and  friends,  secundum  artem  ;  and  told  his  son, 
that  had  he  been  able  to  bear  the  sight  of  the  sufferings  of 
patients,  he  would  have  been  a  surgeon. 

"  Under  Mr.  Muirheid's  roof  he  met  with  good  society,  and 
"  formed  friendships  with  several  intelligent  and  well-educated 
"  young  men ;  they  had  frequent  evening  meetings  to  give  or 
"  receive  information.  These  gentlemen  acknowledged  and 
"  appreciated  Mr.  Watt's  superior  abilities ;  his  manners  were 
"  so  kind  and  unassuming  that  no  jealous  feelings  were  ever 
-  excited ;  his  warm  affections  and  stem  integrity  commanded 
"  their  esteem  and  regard ;  yet  they  sometimes  feared  while 
"  they  loved  him,  as  he  had  no  patience  for  folly,  and  could 
"  be  sarcastic. 

"  The  agony  he  suffered  from  continued  and  violent  head- 
aches often  affected  his  nervous  system,  and  left  him  for 
days — even  weeks — languid,  depressed,  and  fanciful;  at 
'^  those  times  there  was  a  roughness  and  asperity  in  his 
'<  manner  that  softened  with  returning  health.  He  often 
'^  passed  the  summer  months  in  Mr.  Muirheid's  family,  on 
'^  the  banks  of  Loch  Lomond,  near  the  spot  where  Buchanan 
''  the  historian  was  bom,  and  the  celebrated  Napier  of  Mer- 
"  chistoun  passed  many  years  of  his  life.  Mr.  Watt  was  par- 
tial to  the  country,  and,  when  health  permitted,  entered 
with  his  young  companions  into  its  (ictive  sports  and  amuse- 
ments. Lidefatigable  in  his  habits  of  research  and  observa- 
**  tion,  every  excursion  he  took  extended  his  knowledge ;  not 
contented  with  adding  to  his  botanical  and  mineral  treasures, 
he  entered  the  cottages  of  the  poor  to  study  their  charticters, 
''  and  listen  for  hours  to  their  local  traditions,  popular  ballads, 
''  and  wild  superstitions. 

**  He  enjoyed  society  in  a  small  select  circle ;  his  talents 
**  for  conversation  were  always  remarkable ;  he  seldom  rose 
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"  early,  but  accomplished  more  in  a  few  hours'  study  than 
"  ordinary  minds  do  in  many  days.  He  never  was  in  a  hurry, 
"  and  always  had  leisure  to  give  to  his  friends,  to  poetrj', 
"  romance,  and  the  publications  of  the  day :  he  read  indis- 
"  criminately  almost  every  new  book  he  could  procure.  On 
"  a  friend  entreating  him  to  be  more  select  in  his  choice, 
"  he  replied,  *  I  have  never  yet  read  a  book,  or  conversed 
**  *  with  a  companion,  without  gaining  information,  instruc- 
"  *  tion,  or  amusement.'  He  was  alternately  very  active, 
"  or,  apparently,  very  indolent ;  and  was  subject  to  occa- 
"  sional  fits  of  absence.  He  had  a  quick  perception  of  the 
"^beauties  of  nature,  and  delighted  in  exploring  the  wild 
"  glens  of  his  native  land,  and  tracing  to  their  source 
"  the  mountain  torrents.  Though  modest  and  unpre- 
"  tending,  yet,  like  other  great  men,  he  was  conscious  of  his 
"  own  high  talents  and  superior  attainments,  and  proudly 
"  looked  forward  to  their  raising  him  to  future  fame  and 
"  honour." 

Such,  with  the  exception  of  a  short  concluding  portion  rela- 
tive to  Mr.  Watt's  married  life,  which  will  hereafter  be  intro- 
duced in  its  proper  place,  is  the  whole  of  Mrs.  Campbell's 
succinct,  yet  comprehensive  narrative.  We  hope  that  "  the 
"  reverence  of  kindred  "  does  not  unduly  influence  our  judg- 
ment, when  we  venture  to  express  a  belief  that  it  will  always 
occupy  an  honourable  place  among  the  annals  of  the  child- 
hood and  youth  of  great  men.  It  is  not  often,  indeed,  that 
so  forcible  a  sketch  has  been  drawn  of  the  early  character  of 
one  afterwards  so  liighly  distinguished,  by  any  artist  favoured 
with  such  frequent  opportunities  of  close  observation  of  her 
subject,  and  at  the  same  time,  let  us  add,  with  so  happy  a 
command  of  her  pencil.  We  feel  well  assured  that  the  por- 
trait she  has  given  us  of  James  Watt  in  his  youth,  distinct  as 
are  its  features,  and  fresh  and  lively  as  are  its  tints,  is  neither 
painted  in  too  glowing  colours,  nor  in  any  way  too  highly 
varnished;  and  that  by  all  who  attentively  consider  it,  it 
will  be  admitted  to  bear  on  its  countenance  the  stamp  of  a 
self-evident  fidelity. 
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CHAPTER  IV. 

SCHOOLS  AND  SCHOOLMASTERS  OF  JAMES  WATT  —  ANECDOTES  OF  HIS  BOYISH 
HABITS  AND  PASTIMES  —  PORTRAITS  OF  NAPIER  AND  NEWTON  —  HIS 
CALL  TO  BE  A  MECHANICAL  PHILOSOPHER  —  HIS  VISIT  TO  GLASGOW  — 
ACQUAINTANCE  WITH  PROFESSORS  OF  THE  UNIVERSITY — JOUBNEY  TO 
LONDON  —  PRACTICE  OF  MATHEMATICAL-INSTRUMENT-MAKING — RETURN 
TO  SCOTLAND. 

During  the  period  to  which  Mrs.  CampbeU's  memoranda 
chiefly  apply,  his  father's  house  in  Greenock  was  the  head- 
quarters of  young  Watt,  from  which  he  frequently  made  such 
excursions  as  she  has  described,  to  the  homes  of  other  kind 
relations  and  friends,  either  during  his  vacations,  or  when 
health  rendered  change  of  air  and  relaxation  advisable.  The 
commercial  school  of  a  Mr.  Macadam  he  attended,  though,  as 
it  is  said,  not  very  punctually,  nor  perhaps  over  diligently ;  a 
more  than  respectable  proficiency  in  Latin,  and  some  know- 
ledge of  the  elements  of  Greek,  he  attained  under  the  tuition 
of  a  learned  and  virtuous  person  of  the  name  of  Robert  Arrol, 
master  of  the  grammar-school  of  Greenock ;  mathematics  he 
studied  with  far  greater  zest,  and  with  proportionate  success, 
under  one  John  Marr,  whose  designation  is  given,  in  the 
attestation  of  some  deeds  of  that  date,  as  '^  mathematician  in 
"  Greenock."  Whether  our  John  Marr  was  any  descendant  or 
kinsman  of  that  well-known  "  excellent  mathematician  and 
geometrician"  of  the  same  name,  "servant  to  King  James 
First  and  Charles  First,"  mentioned  by  Lilly  in  his  account 
of  the  meeting  between  John  Napier  of  Merchistoun  and  Mr. 
Briggs  of  Oxford,  we  know  not ;  although  the  similarity  of 
name  and  pursuit  seems  to  give  some  slight  a  priori  reason 
for  supposing  that  he  may  have  been  so. 

During  the  course  of  early  education  which  he  was  thus 
receiving,  the  boy  is  said  to  have  been  often  known  to  stand 
angling  from  a  jetty  which  ran  out  into  the  sea,  at  the  back 
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of  his  father's  house  on  the  shore  at  Greenock ;  and  which 
thus  oflFered  a  tempting  opportunity  for  exercise  of  the  gentle, 
silent,  and  solitary  art.  Such  pastime,  so  invitingly  presented 
to  his  hours  of  leisure,  he  must  have  been  either  more  or  less 
than  a  boy  altogether  to  have  slighted ;  and  we  should  have 
been  very  wiUing  to  credit,  upon  any  tolerably  circumstantial 
authority,  the  further  statement  that  the  same  recreation  was 
"  often  resorted  to  by  him  even  in  after-days,  when  confine- 
"  ment  or  over-application  to  study  had  rendered  a  slight 
"  and  temporary  relaxation  necessary  to  his  constitution,"  &c.* 
There  would  have  been  something  cheerful  and  agreeable  in 
associating  the  name  of  James  Watt  with  those  of  Dean 
Nowell,  Sir  Henry  Wotton,  and  Izaak  Walton,  Sir  Humphry 
Davy,  Dr.  Wollaston,  Sir  Francis  Chantrey,  and  other  eminent 
worthies  who  have  perseveringly  followed  "  the  most  fitting 
"  pastime  for  quiet  men  and  lovers  of  peace."  But  we  have 
no  other  ground  than  the  general  statement  above  cited,  for 
being  able  to  do  so ;  and  there  is  only  too  much  reason  to 
think  that,  during  by  far  the  greater  part  of  his  long  and 
laborious  life,  Mr.  Watt  had  neither  the  leisure,  nor  often  the 
opportunity,  nor  latterly  perhaps  the  inclination,  to  amuse 
himself  with  that  peaceful  recreation,  to  many  minds  so  foil 
of  delight,  so  calmly  contemplative,  and  healthfully  active. 

However  that  may  have  been,  there  were  pursuits  which 
young  Watt  preferred  even  to  the  sports  usually  most  popular 
with  youths  of  his  years.  The  ill  health  which  at  first  seemed 
likely  to  form  an  obstacle  to  his  rapid  advancement  in  learn- 
ing, seems  to  have  had  in  his  case,  as  in  that  of  many  others, 
only  the  efiect  of  forming  habits  of  persevering  study,  and  of 
a  disregard  of  temptations  to  the  indolent  loss  or  frivolous 
waste  of  time  and  thought.  "  I  even  think  it  an  advantage 
to  me,  and  am  truly  thankful  for  it,"  says  Dr.  Priestley, 
that  my  health  received  the  check  that  it  did  when  I  was 
young ;  since  a  muscular  habit  from  high  health,  and  strong 
''  spirits,  are  not,  I  think,  in  general  accompanied  with  that 
sensibility  of  mind  which  is  both  favourable  to  piety  and  to 
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*  Memorials  of  W*tt,  p.  136. 
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**  speculative  pursuits."  *  And  to  the  successful  cares  of 
James  Watt's  homely  tuition  may  in  great  part  be  traced  not 
only  his  habitual  industry,  and  practice  of  many  other  humble 
virtues,  but  also  that  neatness  in  drawing,  handwriting,  and 
other  manual  occupations,  together  with  skill  in  the  computa- 
tion of  numbers,  which  he  was  wont  to  reckon  among  his 
favourite  accomplishments;  as  well  as  that  strong  love  of 
order  which  presided  over  every  arrangement,  and  bestowed 
on  his  conversation  and  thoughts,  in  an  extraordinary  degree, 
all  the  excellences  of  a  lucid  method.  Of  the  advantages  of 
such  tastes  and  habits  in  ordinary  life,  all  men  must  be  in 
some  degree  sensible ;  and  it  is  needless  to  dilate  on  their 
infinite  value  in  a  career  such  as  that  which  he  was  destined 
to  pursue. 

In  witnessing  his  father's  mode  of  conducting  his  business, 
and  assisting  him  in  several  of  its  details,  he  appears  to 
have  acquired  both  good  habits  of  commercial  and  manufac^ 
luring  diligence,  and  many  useful  rudiments  of  practical 
mechanics.  /The  carpenter's  benches  and  tools  which  that 
business  kept  in  fiill  occupation,  were  fraught  with  instruction 
to  a  mind  tiiat  was  already  decidedly  bending  itself  towards 
the  study  of  the  mechanical  arts ;  and  the  frequent  comple- 
tion or  restoration  of  the  rigging,  fittings,  and  furniture  of  a 
ship, — ^the  sails  and  ropes,  the  blocks  and  tackle,  the  pumps 
and  capstans,  the  rudder  and  compasses, — involved  the  appli- 
cation of  many  ingenious  resources  of  a  rude  sort  of  natural 
philosophy,  which  he  was  not  slow  to  apprehend  and  treasure 
up.  He  soon  learned  to  construct,  with  his  own  hands,  several 
of  the  articles  required  in  the  way  of  his  father's  trade,  thus 
gaining  a  ready  familiarity  in  working  with  the  different 
kinds  of  metal,  wood,  and  other  materials,  and  a  serviceable 
knowledge  of  their  comparative  qualities.  He  had  a  small 
forge  set  up  for  his  own  use ;  was  fond  of  repairing  and 
making  all  sorts  of  instruments ;  and  did  not  disdain  to  form 
out  of  a  large  silver  coin,  and  present  to  a  friend,  as  a  trophy 


•  Memoirs  of  Dr.  Priestley,  by  himself;  p.  103.  ed.  IS06. 
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of  his  early  skill  as  a  metal-smith,  the  Begium  Donum  of  a 
silver  punch-ladle. 

His  father  made  and  erected,  for  the  use  of  "  the  Virginia 
"  tobacco  ships,"  the  first  Crane  ever  seen  or  employed  at 
Greenock ;  and  of  that,  as  of  many  other  useful  or  curious 
machines, — (among  their  number  was  a  barrel  organ)  y — small 
working  models  were  neatly  prepared  by  the  young  artificer. 
Even  in  his  extreme  old  age  there  were  not  wanting  occa- 
sional recollections  of  the  minor,  but  secret,  mysteries  of  such 
handicraft,  in  which  he  had  been  initiated  when  working, 
"  in  his  shirt-sleeves,"  in  the  carpenter's  shop : — as  when,  in 
his  eightieth  year,  he  instructed  a  certain  great  bookseller  to 
have  his  boxes  for  books  plaried  on  the  inside ;  or  wrote  to  Sir 
Henry  Raebum  (2nd  March,  1816),  "  I  beg  to  advise  your 
"  packer  always  to  rub  his  wood-screws  on  some  candle- 
"  grease  before  he  screws  them  in :  it  will  tend  much  to  his 
"  own  ease  as  well  as  to  that  of  him  who  unscrews  them." 

A  familiarity  with  the  use  and  principles  of  construction  of 
the  telescopes,  quadrants,  and  other  optical  instruments  of 
which  his  father  kept  a  stock  for  the  supply  of  ships,  was  also 
early  acquired  by  the  boy,  who  always  manifested  a  strong 
inclination  to  observe  the  problems  of  the  physical  world 
around  him,  and  to  reflect  on  their  causes.  "  The  prosecution 
"  of  his  favourite  geometry,"  says  Mr.  Williamson,  in  intro- 
ducing another  of  those  interesting  local  anecdotes  which  give 
its  peculiar  value  to  his  work,  "  now  occupied  habitually  his 
^'  thoughts  and  time ;  and  it  is  not  surprising  that  astronomy 
shoidd  have  become  with  him  a  fascinating  study.  In  the 
repositories  of  his  father  were  to  be  found  abundance  of 
optical  instruments  of  various  kinds,  calculated  to  render 
"  his  observations  of  the  heavenly  bodies  both  accurate  and 
"  enlarged.  Of  these  the  young  astronomer  sedulously  availed 
"  himself.  ...  To  the  south  of  the  town,  and  on  the 
*'  rising  ground  behind  the  church,  at  no  great  distance  £rom 
"  his  father's  house,  was  a  clump  of  trees  of  considerable 
"  extent,  composed  of  stately  elms  and  venerable  beeches, 
"  part  of  what  were,  in  former  days,  the  retired  and  beautiful 
pleasure-grounds  of  the  Old  Mansion-house  of  Oreenoek. 
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"  The  planting  referred  to  was,  it  is  much  to  be  regretted, 
"  more  than  forty  years  ago,  cut  down,  to  make  room  for  ques- 
"  tionable  improvements  ;*  but,  before  that  time,  occupying  a 
height  which  was  on  a  level  with  the  present  Well  Park, — 
its  grey  and  moss-grown  gateways  are  still  standing, — it 
*'  formed  a  back-groimd  of  great  beauty  to  the  elevation  of 
"  the  town  when  viewed  from  the  sea.  Here  the  young 
"  recluse  found  a  genial  retreat.  To  this  s2)ot  he  was  wont 
to  retire  at  night  as  well  as  by  day ;  and,  like  another  Fer- 
guson, the  astronomical  herd-boy  of  Scotland,  was  known 
to  spend  hours  lying  upon  his  back,  to  watch  through  the 
"  trees  the  wondrous  movements  of  the  stars."  * 

A  circumstance  which,  whether  we  regard  it  as  merely  a 
curious  coincidence,  or  as  having  perhaps  in  some  degree 
exercised  a  prophetic  direction  over  the  future  destiny  of 
young  Watt,  must  be  considered  as  certainly  remarkable,  is, 
that  among  the  few  articles  of  household  decoration  of  which 
the  himible  mansion  of  Thomas  Watt  and  his  sons  could 
boast,  were  portraits  of  John  Napier,  the  celebrated  inventor 
of  logarithms,  and  of  Sir  Isaac  Newton : — of  Napier,  "  the 
person  to  whom,"  according  to  Hume,  "  the  title  of  Great 
Man  is  more  justly  due  than  to  any  other  whom  his  country 
ever  produced ;"  and  of  Newton,  "  whose  glory  it  was  to 
have  led  the  way  in  sublime  discovery,  and  to  have  im- 
pressed whatever  he  touched,  with  the  stamp  of  profound 
and  original  genius."  f  These  paintings,  (being,  with  the 
exception  of  some  family  portraits,  which  have  also  been 
preserved,  the  only  pictorial  contents  of  the  house),  are  not 
of  any  very  extraordinary  pretensions  on  the  score  of  art; 
the  Newton,  in  particular,  appearing  to  be  a  rather  indiflferent 
copy  of  not  the  best  original.  But  the  portrtdt  of  Napier  is, 
irrespective  of  the  history  of  Watt,  of  high  interest,  having 
every  appearance  of  being  either  an  original  likeness,  or  at 
the  least  a  contemporary  copy  of  a  good  original,  painted 
with  care  and  fidelity.     It  is  "  without  the  cowl ;"  therein 

•  Memorials  of  Watt,  pp.  137  and      Natural  and  Chemical    PhiloBophy, 
138.  p.  58,  ed.  1838. 
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differing  fix)m  five  out  of  the  six  portraits  described  by  Mr. 
Mark  Napier,  in  the  preface  to  the  Memoirs  of  his  great 
ancestor.  And  it  appears  to  be  the  vera  effiffies  of  the  sage, 
in  those  latest  years  of  his  life  when  snows  of  age  had  fallen 
on  his  head,  and  furrows  of  ancient  thought  had  been  ploughed 
deep  upon  his  brow ;   when  not  only  had  his  great  work,  the 

*  Mirifici  Canonis  Logarithmorum  Descriptio,'  been  for  some 
years  made  public,  but  even  his  *  Ehabdologia,'  the  last  of 
all  his  works  which  appeared  in  his  lifetime,  was  either  pub- 
lished, or,  at  least,  completed  in  its  author's  mind ;  for  his  left 
hand  is  represented  as  resting  on  a  set  of  those  figured  im- 
plements of  calculation,  commonly  known  in  his  own  country 
as  "  Neper's  Bones."  This,  indeed,  seems  to  fix  the  time  at 
which  the  likeness  was  made,  at  a  very  late  hour  in  the 
evening  of  his  life ;  for  the  date  on  the  title-page  of  the 
printed  volume  containing  the  *  Rhabdologia,'  the  *Promp- 

*  tuary  of  Multiplication,'  and  the  '  Local  Arithmetic,'  in 
which  the  use  of  the  "Bones"  is  explained,  is  1617,  and  on 
the  4th  of  April  in  that  year  he  died. 

Mr.  Napier  mentions  that  at  Millikcn  House,  in  Kenfrew- 
shire,  so  late  as  the  close  of  the  last  century.  Colonel  Mil- 
liken  Napier,  the  lineal  male  representative  of  Eobert,  a 
younger  son,  and  also  the  literary  executor  of  the  author  of 
the  Logarithms,  was  in  possession  of  many  private  papers  of 
the  family ;  which,  "  along  mth  a  portrait  of  the  great  Napier^ 
"  and  a  Bible  with  his  autograph,  were  deposited  for  safety 
"  in  a  room  of  the  house.  During  the  owner's  absence  the 
"  house  was  burned  to  the  ground,  and  the  precious  relics 
"  perished."  *  Mr.  Napier  also  mentions  that  he  is  unable 
to  trace  the  history  of  the  other  portrait  "  without  the  cowl," 
which  is,  he  says,  "  a  very  original-looking  half-length,"  ac- 
quired by  the  late  Lord  Napier.  Possibly  one  or  other  of 
the  two  "  without  the  cowl "  may  have  been  a  copy,  or  re- 
plicOy  of  the  portrait  said  to  have  perished  in  the  fire  at  Mil- 


•  Introduction  to  Napier's  Trea-  Clubs,  Eilinburgh,  1839,  p.  iv.     See 

tise,    'De   Arte  Logistic^,*    printed,  also  Mr.  Napier's  Preface  to  his  *  Me- 

nnder  Mr.  Mark  Napier's  able  editor-  *  moirs  of  »John  Napier,  of  Merchis- 

ship,  for  the  Bannatyne  and  Maitland  •  ton,'  1834,  p.  v. 
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liken ;  that  belonging  to  Thomas  Watt,  at  all  events,  inhabited 
the  same  county  nearly  a  century  before  the  date  of  that 
disaster.  But  however  that  may  be,  the  fact  of  James  Watt 
having  been  nurtured  thus  at  the  feet  of  those  two  venerable 
masters,  of  his  having  early  and  long  thus  gazed  upon  the 
light  of  their  countenances,  and  imbibed  his  first  acquaintance 
with  their  works  and  fame,  as  it  were,  under  the  sanction  of 
their  very  presence  and  eye,  is  too  interesting  not  to  deserve 
commemoration  in  the  annals  of  his  early  days ;  difficult  as  it 
often  must  be  for  even  the  most  inquiring  minds  "to  re- 
"  ascend  in  memory  to  that  which  may  have  given  the  first 
"  impulse  to  their  entire  course  of  life."  * 

In  precincts  hallowed  by  such  Lares  and  Penates,  and  not 
devoid  of  the  "  imagines  majorum," — for  portraits  of  Thomas 
Watt  and  Margaret  Sherrer,  as  well  as  of  James  Watt,  sen., 
of  Greenock,  and  of  Agnes  Muirheid,  then  hung  on  their 
walls,  and  are  now  associated  in  a  family  series  with  those 
of  their  more  illustrious  descendant, — the  boy  grew  to  the  age 
of  nearly  eighteen,  a  contemplative,  yet  far  from  inactive 
youth.  But  his  ideas  were  destined  to  be  expanded,  and  his 
hopes  to  be  checked,  amid  increasing  reverses  of  his  father's 
fortunes.  So  far,  indeed,  did  those  reverses  at  last  extend, 
that  it  became  necessary  that  both  of  Mr.  Watt's  sons,  at  as 
early  an  age  as  possible,  should  be  trained  to  rely  for  their 
future  comfort  or  distinction,  and  indeed  for  their  very  sub- 
sistence, on  their  own  independent  and  unaided  exertions. 
Of  John,  the  elder  of  the  two  lads,  we  have  abeady  spoken, 
and  told  how  a  shipwreck  in  the  Atlantic  Ocean  removed  him 
from  "  the  waves  of  this  troublesome  world." 

From  the  aptitude  which  James  displayed  for  all  kinds  of 
ingenious  handiwork,  and  in  accordance  with  his  own  delibe- 
rate and  earnest  choice,  it  was  decided  that  he  should  proceed 
to  qualify  himself  for  following  the  trade  of  a  mathematical- 
instrument-maker  ; — a  career,  in  which,  besides  the  prospect  of 
turning  to  good  account  his  habits  of  industry,  his  accuracy  of 
eye,  and  neatness  of  hand,  he  doubtless  foresaw  opportunities, 


♦  Humboldt's  Cosmos,  translated  by  Mrs.  Sabine,  vol.  il,  p.  92,  ed.  1849. 
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such  as  no  other  caUing  within  his  re€k;h  was  likely  to  afford, 
of  gratifying  his  thirst  for  the  knowledge  of  physiccd  science. 
On  the  peculiar  range  of  employment  to  which  the  main 
force  of  his  mind  was  to  be  directed,  he  seems,  as  he  grew  up, 
always  to  have  looked  wdth  a  more  than  affectionate  predilec- 
tion. The  call,  indeed, — that  fixed  purpose  of  soul,  declaring 
itself  in  action,  and  leading  a  man  to  walk  with  firmness  in 
a  predestined  and  beloved  path, — which  made  Watt  a  me- 
chanical philosopher,  seems  to  have  been  as  decided  as  that 
which  took  Burns  from  the  sheepfolds  and  raised  him  to  be 
a  fervid  bard,  or  transferred  Wilkie  from  the  austerities  of 
a  Presbyterian  manse  to  become  a  glowing  and  triumphant 
painter.  It  was  such  as  calls  into  life  every  energy,  strengthens 
into  devotion  every  desire,  and  creates  at  once  the  glory  and 
the  happiness  of  aU  who,  like  him, — 

"  Fixing  hope  and  aim 

"  On  the  humanities  of  peaceful  fame, 

**  Enter  betimes  with  more  than  martial  fire 

**  The  generous  course :  aspire,  and  still  aspire ; 

**  Upheld  by  warnings  heeded  not  too  late, 

**  Stifle  the  contradictions  of  their  fate, 

"  And  to  one  purpose  cleave,  their  Being's  godlike  mate ! "  * 

With  these  views  he  came  to  Glasgow  in  June  1754,  being 
then  eighteen  years  of  age,  and  remained  under  the  roof  and 
care  of  his  maternal  relations,  the  Muirheids,  till  the  month 
of  May  in  the  following  year.  There  is  still  extant  a  docu- 
ment which  bears  amusing  testimony  to  the  almost  primitive 
simplicity  with  which  his  migration  from  the  paternal  home 
was  performed.  It  is  entitled,  in  the  clerkly  hand  of  their 
youthful  possessor,  "  A  list  of  James  Watt's  clothes  taken  to 
"  Glasgow ;"  and,  after  certain  "  silk  stockings,"  "  ruffled 
"  shirts,"  and  "  cut  velvet "  waistcoats,  there  follow  in  it 
"  one  working  ditto,"  "  one  leather  apron,"  "  a  pair  bibek," 
about  a  score  of  the  most  needftil  tools  of  carpentry,  and  a 
quadrant.  Of  all  the  latter  items  (with  the  exception  of  the 
"  pair  bibels,"  which  were,  it  seems,  somehow  or  other  unac- 


♦  Wordflwortirs  Stanzas  to  Liberty.     Poetical  Works,  vol.  v.  p.  102,  ed. 
18i6. 
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countably  left  behind !)  it  will  soon  be  seen  that  he  made  dex- 
terous and  successful  use. 

During  his  stay  at  that  time  in  Glasgow,  young  Watt  en- 
joyed the  advantage  of  being  introduced  to  the  notice  and 
acquaintance  of  several  of  the  most  learned  Professors  in  the 
University,  through  the  instrumentality  of  his  mother's  kins- 
man, Mr.  George  Muirhead,  who  had  then  just  exchanged 
the  Professorship  of  Oriental  languages  for  that  of  Latin,  and 
was  associated  with  his  colleague  Professor  Moor  in  scholar- 
like labours  which  have  honourably  perpetuated  his  name.* 
Professors  James  Moor  and  George  Muirhead  were  the  joint 
editors  of  the  magnijScent  Homer,  in  four  volumes  folio,  which 
was  printed  at  the  University  press  by  the  brothers  Robert 
and  Andrew  Foulis,  in  1756  and  1758;  and  of  which  Dr. 
Harwood  says  that  it  is  "  one  of  the  most  splendid  editions  of 
"  Homer  ever  delivered  to  the  world,  and  I  am  informed  that 
"  its  accuracy  is  equal  to  its  magnificence.  Since  the  pub- 
"  lication  of  the  first  edition  of  this  work,"  he  adds,  "  I  had 
"  occasion  carefully  to  read  through  this  edition,  and  I  only 
"  discovered  two  trivial  errors."  (View  of  the  various  editions 
of  the  Greek  and  Boman  Classics,  with  remarks,  by  Edward 
Harwood,  D.D.  3rd  edition.  London,  1782.)  "  As  the  eye 
"  is  the  organ  of  fancy,"  says  Gibbon,  "  I  read  Homer  with 
"  most  pleasure  in  the  Glasgow  folio.  Through  that  fine 
"  medium  the  poet's  sense  appears  more  beautiful  and  trans- 
"  parent.  Bishop  Lowth  has  said  that  he  could  discover  only 
"  one  error  in  that  accurate  edition — the  omission  of  an  iota 
"  subscribed  to  a  dative."  In  the  Life  of  Winckelmann  it  is 
stated  that  he  never  travelled  without  Homer ;  "  his  com- 
*'  panion  at  every  instant  of  his  life ;"  and  that  the  edition 
which  he  had  with  him  on  his  last  journey  (in  the  course  of 
which  he  died),  "  era  quella  di  Foulis,  stampata  molto  ele- 
"  gantemente  a  Glasgow  nel  1756-58."     In  1804  a  copy  of 


*  Professor  George  Muirhead's  own  brief  record  of  his  learned  kinsman's 

copy  of  his  great  work,  on  large  paper,  life,    may  refer    to    the    article   on 

uncut,  **  a  fair  and  eTerlasting  monu-  "  The  Muirhead  Prizes  "  in  *  Deeds 

••  ment  *'  of  his  diligent  scholsmship,  is  *  instituting  Prizes  in  the  University 

now  by  inheritance  in  the  possession  '  of  Glasgow ; '  4to.  Glasgow,   1850, 

of  the  author ;   who,  for  a  further  pp.  201-206. 
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this  bibliographical  treasure,  on  large  paper,  illustrated  with 
Flaxman's  plates  to  the  Iliad,  and  some  drawings,  by  Mias 
Wilkes,  to  the  Odyssey,  sold  for  39 1  18s. 

Watt,  however,  was  not  so  fortunate  as  to  become  the 
pupil  of  any  Professor  in  the  ancient  University,  which  the 
talents  of  men  such  as  Adam  Smith  and  Bobert  Simson 
then  so  greatly  adorned ;  and  the  youthful  student  has  him- 
self recorded  that  he  never  attended  any  course  of  lectures 
delivered  within  the  walls,  or  by  the  teachers,  of  the  CoU^e. 
But  he  at  once  gained  the  favourable  notice  of  Dr.  Dick, 
who  was  joint  Professor  of  Natural  Philosophy  with  his  father 
from  1751  to  1757,  to  whose  society  the  subjects  of  his  pur- 
suits formed  an  immediate  attraction,  and  of  whose  abilities, 
as  well  as  of  the  kind  interest  he  manifested  in  his  suc- 
cess, Mr.  Watt  always  spoke  in  terms  of  the  most  grateful 
praise.  Dr.  Dick  having  observed  the  qualifications  of  his 
young  friend,  and  being  consulted  as  to  his  outset  in  life, 
strongly  recommended  his  proceeding  to  London,  to  acquire 
better  instruction  in  the  art  which  he  designed  to  practise, 
than  could  at  that  time  be  gained  in  Glasgow,  or,  indeed,  any- 
where in  Scotland ;  at  the  same  time  furnishing  him  with  a 
personal  introduction  which  proved  very  serviceable  in  ob- 
taining for  him  the  advantage  of  such  tuition. 

It  being  then  arranged  that  young  Watt  should  follow  this 
counsel,  on  the  7th  of  June,  1755,  he  set  out  for  the  great 
metropolis,  in  charge  of  his  connection  Mr.  John  Marr,*  who, 
we  believe,  afterwards  became  the  captain  of  an  East  India- 
man,  but  soon  after  their  arrival  in  London  accepted  the 
office  of  naval  instructor  on  board  the  Hampton  Court,  a 
seventy  gun  ship,  then  lying  at  anchor  in  the  Thames. 
They  travelled,  as  was  common  a  century  ago,  on  horse- 
back, riding  the  same  horses  throughout  the  journey,  which 
they  performed  in  twelve  days,  including  two  of  partial  or 
entire  rest.  "  There  was,  in  the  days  of  which  I  write," 
says  Sir  Walter  Scott,  "  an  old-fashioned  custom  on  the 
"  English  road,  which  I  suspect  is  now  obsolete,  or  prae- 


*  Mr.  Marr*8  wifo  was  a  cousin-gennan  of  Mr.  Watt 
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tised  only  by  the  ynlgar.  Journeys  of  length  being  made 
on  horseback,  and,  of  course,  by  brief  stages,  it  was  usual 
always  to  make  a  halt  on  the  Sunday  in  some  town  where 
the  traveller  might  attend  Divine  service,  and  his  horse 
"  have  the  benefit  of  the  day  of  rest,  the  institution  of  which 
"  is  as  humane  to  our  brute  labourers  as  profitable  to  our- 
"  selves."  *  Their  route  was  by  Coldstream,  Newcastle, 
Durham,  York,  Doncaster,  Newark,  and  Biggleswade;  and 
the  principal  note  made  by  the  young  traveller  in  the  new 
scenes  through  which  he  now  passed,  is  a  laconic  one : — 
I  like  the  country  very  [well],  but  think  the  people  are 
very  sharp.^*  It  must  be  added,  in  explanation  of  this 
concise  and  "canny"  conclusion,  that  nearly  one-third  of  the 
time  occupied  on  the  road  was  spent  in  riding  through  York' 
shire ;  in  fact,  the  letter  which  contains  it  f  was  written  at 
York! 

On  their  arrival  in  London  no  time  was  lost  in  endeavouring 
to  find  a  fitting  instructor  in  the  mathematical-instrument 
line, — a  task  which  at  first  appeared  likely  to  prove  one  of 
unexpected  diflBculty ;  for  the  number  of  masters  skilled  in 
that  scientific  trade  was  then  small,  and  it  was  "  the  custom 
**  of  London"  not  to  dispense  with  the  regular  apprenticeship 
of  seven  years  on  indenture.  "  I  have  not  yet  got  a  master ; 
we  have  tried  several;  they  all  make  some  objection  or 
other,"  writes  the  poor  lad.  "  I  find  that  if  any  of  them 
agree  with  me  at  all,  it  will  not  be  for  less  than  a  year ;  and 
even  at  that  time  [they]  will  be  expecting  some  money."  { 
Having  been  nurtured  in  the  observance  of  rigid  frugality, 
and  being  most  dutifully  anxious  to  avoid  all  encroachment 
on  his  father's  means,  which  seem  to  have  diminished  in  an 
inverse  ratio  to  his  own  necessities,  his  narrow  finances  were 
now  a  cause  of  uncomfortable  apprehension ;  and  altogether 
his  early  impressions  of  life  in  London  were  very  far  from 
being  either  joyous  or  encouraging. 

But  by  degrees  a  little  light  began  to  dawn  above  the  dim 


u 
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♦  Sir  W.  Scott,  Rob  Rot,  chap.W.,     12  June,  1755. 
Abbotsford  edition,  vol.  in.  p.  59.  1  Mr.  Watt  to  hifl  father,  London, 

t  Mr.  Watt  to  bis  &ther,  York,     1  July,  1755. 
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horizon.     "  Yesterday,"  writes  Mr.  Marr  to  Mr.  Watt,  sen., 
at  Greenock,*  "  your  son  began  to  divert  himself  in  cutting 
"  letters  and  figures,  &c.,  in  the  shop  of  Mr.  Neale,  watch- 
*'  maker,  from  whom  I  had  the  small  patent  globea     Mr. 
"  Neale  is  the  frankest  tradesman  of  any  of  the  fraternity  I 
^'  have  seen.     ...     In  the  meantime  I  shall  endeavour  to 
"  see  him  employed  at  Mr.  Neale's,  who  inclines  to  have 
**  some  of  his  work  to  show."     His  specimens  having  been 
approved  of,  we  find  him,  by  the  first  week  of  July,  through 
the  exertions  of  Mr.  Short,  (a  valuable  friend  whom  Dr.  Dick's 
recommendation  had  procured  him),  at  work  on  the  brass  pari 
of  Hadley's  quadrants,  with  Mr.  John  Morgan,  mathematical- 
instrument-maker  in  Finch  Lane,  Comhill, — "  a  man,"  soon 
afterwards  writes  his  youthful  disciple,  "  of  as  good  a  cha- 
"  racter,  both  for  accuracy  in  his  business  and  good  morals, 
"  as  any  in  his  way  in  London.     Though  he  works  chiefly  in 
"  the  brass  way,  yet  he  can  teach  me  most  branches  of  the 
"  business,  such  as  rules,  scales,  quadrants,  &c"  f     "  Withia 
**  the  bills  of  mortality,"  adds  Marr,    "  he  could  not  liave 
"  found  a  man  better  recommended  for  good  nature  and  in- 
"  genuity  than  Morgan."  J     And,  "  If  it  had  not  been  for 
"  Mr.  Short,"  writes  the  lad,  "  I  could  not  have  got  a  man  in 
"  London  that  would  have  undertaken  to  teach  me,  as  I  now 
"  find  there  are  not  above  five  or  six  that  could  have  taught 
"  me  all  I  wanted."  § 

An  agreement  was  soon  concluded,  with  the  approbation  of 
Mr.  Watt,  sen.,  for  his  son  receiving  a  year's  instruction  from 
Mr.  Morgan,  for  wliich  he  was  in  return  to  pay  twenty 
guineas,  and  give  his  labour  for  that  period  in  the  business. 
After  this  his  progress  was  rapid  and  steady.  By  the  5th  of 
August,  he  had  made  a  brass  parallel  ruler  18  inches  long, 
and  a  brass  scale  of  the  same  length,  and  was  about  to  finisli 
some  of  Hadley's  quadrants ;  by  the  23rd  of  that  month,  he 
had  done  a  Hadley's  quadrant  better  than  his  master's  ap- 


♦  Mr.  Marr  to  Mr.  Watt,  senior,  t  Mr.  Marr  to  Mr.  Watt,  senior, 

London,  24  June,  1755.  London,  Aug.  6th,  1755. 

t  Mr.  Watt  to  his  father,  London,  §  Mr.  Watt  to  his  &ther,  London, 

July  21st.  1755.  Sept.  2nd,  1755. 


4( 


Chap.  IV.       MATHEMATICAL-INSTRUMENT-MAKING.  37 

prentice,  "  who  had  been  two  years  with  him."  "  Very  few 
here,"  he  says,  "  know  any  more  than  how  to  make  a  rule, 
others  a  pair  of  dividers,  and  such  like,  which  they  serve  a 
seven  years'  apprenticeship  to."  In  October  he  had  begun 
to  make  rules,  which  it  was  then  a  most  difficult  matter  to 
get  good,  "  there  being  only  one  man  who  could  make  them 
"  perfectly  well,  and  he  having  lately  taken  to  other  work." 
In  November  he  was  busy  with  azimuth  compasses ;  by 
December,  1755,  he  "  could  work  tolerably  well ;"  and  ex- 
pected that  by  April  he  would  understand  so  much  of  his 
business  as  to  be  able  to  work  for  himself,  or  to  be  an 
assistant  to  his  father.  When  April  arrived  he  was  to  make 
a  brass  sector,  a  theodolite,  and  some  other  instruments  of 
the  better  sort ;  "  and  then,"  he  writes,  "  I  think  I  shall  be 
"  able  to  get  my  bread  anywhere,  as  I  am  now  able  to  work 
*'  as  well  as  most  journeymen,  though  I  am  not  so  quick 
**  as  many."  *  And  when  his  year's  toil  was  completed, 
and  the  "  leafy  month  of  June "  had  again  come  round, 
he  announced,  with  some  reasonable  pride,  that  he 
could  now  make  "  a  brass  sector  with  a  French  joint,  which 
**  is  reckoned  as  nice  a  piece  of  framing  work  as  is  in  the 
"  trade."  t 

But  all  this  early  expertness  was  not  acquired  for  nothing ; 
it  cost  him  a  constant  and  hard  struggle  to  reach  that  step  on 
the  upward  ladder ;  and  his  labours  were  rendered  the  more 
severe  by  the  state  of  his  health,  from  which  he  had  of  late 
greatly  suflfered.  He  had  not  only,  as  was  his  wont,  led  a 
life  of  the  most  regular  and  unremitting  industry,  and  spared 
no  exertion  by  which  he  might  diminish  to  his  fiather  the  cost 
of  this  part  of  his  education,  but  his  endeavours  to  attain  that 
end  were  accompanied  by  a  rigid  self-denial  on  which,  how- 
ever in  itself  exemplary  and  laudable,  it  is  almost  painful  to 
reflect.  Lodging,  it  is  believed,  under  the  roof  of  his  master, 
but  not  receiving  from  him  any  of  his  board,  the  cost  of  his 
food  was  in  all  but  eight  shillings  a-week ;  lower  than  that. 


♦  M>.  Watt  to  his  father.  London,  t  Mr.  Watt  to  his  father.  London, 

April  20th,  1756.  June  19th,  1756. 
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he  writes,  he  could  not  reduce  it,  '^  untJumt  pinching  hu  bdfy.*' 
Even  of  that  pittance  a  great  portion  was  earned  by  himself; 
for  he  found  that  he  was  able  to  '*  win  "  some  money  on  his 
own  account  by  rising  still  earlier  than  he  hcid  to  go  to  his 
master's  work.  The  bread  so  bought  must  have  tasted  sweet 
indeed  to  his  lips ;  but  at  night  he  was  thankful  enough  to 
get  to  bed  *'  with  his  body  wearied,  and  his  hand  shaking, 
"  from  ten  hours'  hard  work ;"  "  we  work,"  he  says,  **  to  nine 
"  o'clock  every  night,  except  Saturdays."  In  his  letters  to 
his  home,  while  describing  the  frugality  of  his  way  of  life, 
and  regretting  the  charge  his  living  must  be  to  his  father,  on 
whom  he  fervently  prays  that  the  blessing  of  God  may  rest, 
he  repeatedly  adds  that  he  is  striving  all  he  can  to  improTe 
himself,  that  he  may  be  the  sooner  able  to  assist  him,  and  to 
ensure  his  own  maintenance. 

With  such  motives  to  exertion,  and  such  sentiments  and 
habits,  it  will  readily  be  conceived  that  he  considered  his 
year  in  London  as  admitting  of  no  holiday  indulgence.  So 
earnestly  was  he  bent  on  self-improvement  in  the  way  of  his 
business,  and  so  entirely  were  his  whole  time  and  strength 
engaged  in  the  constant  exertion  which  that  required,  that 
only  on  two  occasions, — the  arrival  of  the  King  from  abroad, 
and  a  proclamation  of  war  against  France, — does  the  uni- 
formity of  his  industry  appear  to  have  been  diversified,  even 
by  the  sight  of  such  pageants  as  every  metropolis  from  time 
to  time  aflfords  to  the  eyes  of  the  poorest  of  its  inhabitants. 
Indeed,  so  far  was  he  from  allowing  any  occupation  of  his 
time  in  even  receiving  or  giving  the  news  of  the  day,  that 
the  only  allusion  which  his  letters  of  that  period  contain 
relative  to  such  subjects  is.  the  emphatic  and  summary  con- 
clusion, that  "  08  for  news^  there  is  no  believing  anything  that 
"  is  said ;" — a  maxim  which,  in  other  days  than  his,  may 
still  perhaps  be  deemed  not  altogether  devoid  of  salutary 
truth! 

An  unexpected  danger  at  that  time  hung  over  his  destiny, 
which  might  have  cut  short,  at  least  for  a  season,  his  projects 
of  further  improvement  in  natural  science,  and  postponed 
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9ine  die  his  return  to  Glasgow  College,  with  all  its  interesting 
consequences.  This  sword  of  Damocles  was  the  chance  of 
being  impressed  as  a  seaman  for  the  navy.  He  writes,  in 
the  spring  of  1756,  that  he  avoids  '^  a  very  hot  press  just  now 
"  by  seldom  going  out"  And  on  a  later  day  he  adds,  "  they 
**  now  press  anybody  they  can  get,  landsmen  as  well  as  sea- 
"  men,  except  it  be  in  the  liberties  of  the  City,  where  they 
"  are  obliged  to  carry  them  before  my  Lord  Mayor  first ; 
**  and  unless  one  be  either  a  'prentice  or  a  creditable  trades- 
"  man,  there  is  scarce  any  getting  off  again.  And  if  I  was 
**  carried  before  my  Lord  Mayor,  I  durst  not  avow  that  I 
**  wrought  in  the  City,  it  being  against  their  laws  for  any 
"  unfreeman  to  work,  even  as  a  journeyman,  within  the 
"  Liberties."  * 

At  the  close  of  his  engagement  with  Mr.  Morgan,  when  he 
"  had  no  doubt  he  could  have  got  encouragement  from  either 
"  his  master  or  some  other," — after  long  contending  with 
the  badness  of  his  health, — ^he  found  himself  compelled  by 
"  violent  rheumatism,"  "  a  gnawing  pain  in  his  back,"  and 
"  weariness  all  over  his  body,"  to  seek  the  benefit  which  he 
expected  to  derive  from  his  native  air,  and  the  ride  home- 
wards. So,  in  the  end  of  August,  1756,  he  took  leave  of  London 
and  of  Mr.  Morgan,  (who,  dying  in  1758,  was  not  destined  to 
witness  the  future  success  of  his  pupil),  and  to  revive  his 
drooping  health  and  spirits,  he  returned  to  his  own  country 
and  friends ; — first,  however,  making  a  small  investment  of 
about  twenty  guineas  in  half  a  hundred  additional  tools,  with 
"  absolute  necessary  "  materials  for  "  a  great  many  more  that 
"  he  knew  he  must  make  himself,"  together  with  a  copy  of 

*  Bion's  Construction   and    Use    of   Mathematical    Instru- 

*  ments,' —  a  copious  and  useful  treatise  on  the  different 
branches  of  his  intended  trade.  This  was  the  first  edition  of 
the  translation  of  M.  Bion's  work,  by  Edward  Stone,  an  ex- 
cellent, though  self-taught,  mathematician,  a  native  of  Scot- 
land ;  it  was  a  great  enlargement  of  the  original,  and  two 


*  Mr.  Watt  to  his  father,  London,  March  Slat,  1756. 


40  LIFE  OF  WATT.  Chap.  IT. 

editions  of  it  were  subsequently  published  in  folioy  bearing 
the  dates  of  1758  and  1759,  together  with  a  supplement, 
from  which  we  learn  that  the  first  impression  had  been  soon 
sold  off,  and  a  second  long  called  for  by  the  booksellers  and 
the  public  The  original  treatise  in  French  was  a  small  one 
in  quarto,  published  at  Paris  in  1752,  and  its  price  was  only 
a  few  francs. 
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CHAPTER  V. 

MB.  watt's  employment  BY  THE  COLLEGE  OF  OLA860W  —  HIS  ESTABLISH- 
MENT WITHIN  ITS  WALLS  AS  MATHEMATICAL-INSTBUMENT-MAKEB  TO 
THE  UNIVEBSTTY  —  PBOOBES8  IN  HIS  BUSINESS  —  SROP-KEEPINO  —  HIS 
CONSTBUCTION  OF  OBGANS  AND  OTHEB  MUSICAL  INSTBUMENT8  —  INSTBU- 
MENT8  OF  HIS  MANUFACTUEE  STILL  IN  EXISTENCE  — CHANGE  OF  ABODE  — 
HIS  MAEEIAGE  —  MACHINE  FOB  DBAWING  IN  PEBSPECTITE. 

An  occasion  soon  presented  itself  for  the  advantageous  em- 
ployment of  that  little  stock  in  trade  which  we  have  just 
described,  as  well  as  of  the  newly-acquired  skill  of  its  owner. 
On  the  25th  of  October,  1756,  he  \^Tites  from  Glasgow  to 
his  father : — "  I  would  have  come  down  [to  Greenock]  to- 
"  day,  but  that  there  are  some  instruments  that  are  come 
from  Jamaica  that  Dr.  Dick  desired  that  I  would  help  to 
impack,  which  are  expected  to-day."  The  instruments 
here  spoken  of  formed  a  valuable  collection,  which  had  been 
completed  at  great  cost  by  the  best  makers  in  London,  for 
their  late  proprietor  Mr.  Alexander  Macfarlane,  a  merchant, 
long  resident  in  Jamaica,  and  a  cadet  of  the  ancient  feudal 
house  of  Macfarlane  of  that  Ilk ;  who  seems,  amid  his  mer- 
cantile pursuits,  not  to  have  forgotten  the  motto  of  his 
family — "  Astra  castraj  Numen  lumen  ;" — "  The  stars  my 
"  camp^  the  Lord  my  light ;" — and  who,  dying  in  1755,  be- 
queathed the  contents  of  his  observatory  to  the  University  in 
which  he  had  received  his  education.  The  great  astronomer 
Oltmanns,  the  companion  of  Humboldt,  in  mentioning, 
among  some  observations  from  which  various  latitudes  and 
longitudes  in  the  West  Indies  were  accurately  determined, 
those  which  Mr.  Macfarlane  had  made,  at  Port  Royal,  near 
Kingston,  Jamaica,  (PhiL  Trans,  for  1723,  p.  235,  and  for 
1750,  p.  523),  has  said: — "Macfarlane  was  provided  with 
"  excellent  English   instruments,    and  very   skilful  in  the 
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"  theory  and  practice  of  astronomy."*  An  accomit  of  certain 
curious  lunar  observations  of  another  sort,  made  by  the  Clan 
Macfarlane  in  earlier  times,  but  of  which  the  learned  and 
worthy  merchant  of  Port  Royal  was  of  course  guiltless,  is  giv«i 
in  Sir  Walter  Scott's  note  on  Mac-Farlane^a  buat^  or  lanUrn^ 
in  *  Waverley,'  chapter  xxxviii.,  where  he  says,  "  The  clan  rf 
"  Mac-Farlane,  occupying  the  fastnesses  of  the  western  side 
"  of  Loch  Lomond,  were  great  depredators  on  the  Low 
Country ;  and,  as  their  excursions  were  made  usually  by 
night,  the  moon  was  proverbially  called  their  lantern.  Their 
celebrated  pibroch  of  Hoggil  nam  bo,  which  is  the  name  of 
"  their  gathering-tune,  intimates  similar  practices,"  &ct 
The  minute  of  a  University  meeting  on  the  26th  of  OctobCT, 
bears  that  "  Several  of  the  instruments  from  Jamaica  having 
"  suffered  by  the  sea-air,  especially  those  made  of  iron,  Mr, 
"  Watt,  who  is  well  skilled  in  what  relates  to  the  cleaning 
"  and  preserving  of  them,  being  accidentally  in  town,  Mr. 
"  Moor  and  Dr.  Dick  are  appointed  to  desire  him  to  stay 
"  some  time  in  town  to  clean  them,  and  put  them  in  the  best 
"  order  for  preserving  them  from  being  spoiled."  On  the  2nd  of 
December  the  same  records  bear  that  "  a  precept  was  signed 
"  to  pay  James  Watt  five  pounds  sterling  for  cleaning  and 
"  refitting  the  instruments  lately  come  from  Jamaica ;" — ^this 
being,  in  all  probability,  the  first  money  he  had  earned  on 
his  own  accoimt  since  the  termination  of  his  brief  appren- 
ticeship. 

His  next  object  was  to  endeavour  to  establish  himself  in 
the  way  of  his  trade  in  the  city  of  Glasgow ;  but  here  he  was 
met  by  obstacles  of  the  same  sort  as  those  which  in  London 
had  first  well-nigh  excluded  him  from  the  brief  instruction 
which  he  sought,  and  then  might  have  consigned  him,  with- 
out hope  of  rescue,  to  the  embraces  of  the  pressgang.  Neither 
being  the  son  of  a  burgess,  nor  having,  as  yet,  married  the 
daughter  of  one,  nor  having  served  a  regular  apprenticeship 
to  a  craft,  he  was  visited,  by  tradesmen  of  more  arrogant  and 


•  •  Recueil    d'Obscrvations  Astro-     ii.,  p.  589.  ed.  1810. 
*  nomiuuea,  Voyage  de  Humboldt  et         f  Abbotsford  edition,  vol.  i.  p.  213. 
*Bonpfaiid/  Quatri^me  Partie,  tome 
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far  more  unfounded  pretensions  than  the  modest  youth  whom 
they  persecuted,  with  a  sort  of  temporal  excommunication ; 
and  was  forbidden  to  set  up  even  a  humble  workshop,  himself 
iia  solitary  tenant^  within  the  limits  of  the  burgh.  He  now 
signally  found  the  advantage  of  that  academical  support  which 
the  University  uniformly  extended  to  him.  By  midsummer, 
1757,  he  had  received  permission  to  occupy  an  apartment  and 
open  a  shop  within  the  precincts  of  the  College,  and  to  use 
the  designation  of  '^  Mathematical-instrument^maker  to  the 
"  University ;"  and,  though  it  does  not  appear  that  any  con- 
temporaneous record  has  been  preserved  in  the  archives  of 
the  University  of  the  date  of  the  workshop  having  been 
assigned  to  him,  on  the  27th  of  November,  1759,  directions 
were  given  for  having  "  the  room  above  Mr.  Watt's  workshop  " 
repaired.*  In  the  autumn  of  1757,  the  foundation-stone  of  an 
astronomical  observatory,  to  receive  the  collection  of  instru- 
ments which  he  had  repaired  and  set  up,  and  to  be  called  the 
Macfarlane  Observatory,  was  laid,  he  being  then  twenty-one 
years  of  age.  At  the  same  time,  however,  he  had  the  sorrow 
and  misfortune  to  lose  his  able  and  true  friend.  Dr.  Dick ; 
and  the  result,  in  a  pecuniary  point  of  view,  of  this  first  year 
of  his  business,  was  very  far  from  being  a  hopeful  one. 

On  the  15th  September,  1758,  (the  year  in  which  his  old 
master,  Morgan,  died),  he  thus  writes  from  Glasgow  to  his 
father : — "  As  I  have  now  had  a  year's  trial  here,  I  am  able 

to  form  a  judgment  of  what  may  be  made  of  this  business, 

and  find  that  unless  it  be  the  Hadley's  instruments,  there  is 
"  little  to  be  got  by  it,  as  at  most  other  jobs  I  am  obliged  to 
<'  do  the  most  of  them  myself;  and  as  it  is  impossible  for  one 
"  person  to  be  expert  at  everything,  they  very  often  cost  me 
"  more  time  than  they  should  do.  However,  if  there  could 
"  be  a  ready  sale  procured  for  Hadley's  quadrants,  I  could  do 
'^  very  well,  as  I  and  one  lad  can  finish  three  in  a  week  easily ; 
"  and  selling  them  at  28«.  6i.,  which  is  vastly  below  what 

they  were  ever  sold  at  before,  I  have  40».  clear  on  the 


it 


a 


•  See    •  Deeds    instituting    Bur-      'University  of  Glasgow/  1850:  4to., 
*  Bftries,     Scholarahips,     and      otber     p.  215. 
'Foundations    in    the    College    and 
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'^  three.  So  it  will  be  absolutely  necessary  that  I  take  a  trip 
to  Liverpool  to  look  for  customers,  and  hope  that  upon  the 
profits  of  what  I  shall  be  able  to  sell  there,  I  can  go  to 
**  London  in  the  spring,  when  I  make  no  doubt  of  selling 
"  more  than  I  can  get  made ;  all  which  I  want  your  adyke 
"  on.  And  if  that  does  not  succeed,  I  must  fall  into  some 
*'  other  way  of  business,  as  this  will  not  do  in  its  present 
**  situation."  The  sale,  however,  of  the  profitable  Hadlejs 
instruments  appears  to  have  increased  at  home  so  much,  as 
to  have  rendered  the  proposed  speculative  trading  voyage  to 
Liverpool  unnecessary. 

From  the  advertisement  already  referred  to,  dated  October 
22,  1759,  of  the  engraved  map  of  the  river  Clyde,  as  "to 
be  sold  by  James  Watt,  at  his  shop  in  the  College  of 
Glasgow,"  as  well  as  from  the  entry  in  the  College  records 
of  the  repairs  to  be  done  in  "the  room  above  Mr.  Watt's 
"  workshop,"  we  know  that,  up  to  that  time  at  leasts  he  con- 
tinued to  use  the  shelter  of  the  academic  walls  for  the  pur- 
poses of  his  trade.  By  the  7th  of  October  in  that  year,  he 
appears  to  have  entered  into  a  sort  of  partnership  with  a  Mr. 
John  Craig,  to  carry  on  and  extend  the  business  in  which  he 
was  engaged,  continuing  to  occupy  his  rooms  and  workshop  in 
the  CoUege  till  1763. 

A  Journal  of  the  partnership  concern,  kept  trom.  OctobCT, 
1759,  till  April,  1765,  commences  with  the  following  entry:— 
"  An  Inventory  of  Tools,  Goods,  &c.,  belonging  to  us,  James 
**  Watt  and  John  Craig,  each  one-half.  Taken  Oct  7th,  1759, 
"  at  Glasgow ;"  and  then  enumerates  a  variety  of  mechanical 
tools,  from  a  tumiug-lathe  to  a  flatting-mill;  with  philo- 
sophical instruments,  chiefly  mathematical  and  optical,  firom 
the  familiar  '^  Hadley's  quadrants "  to  microscopes  and  sea- 
compasses  ;  the  whole  to  the  value  of  .  .  £91  19  3^ 
Which,  with  "  cash  on  hand,"  .         .     108     0     SJ 

Made  the  little  stock  in  trade  amount  to    £200     0     0 


A  small  but  steadily  increasing  traffic  brought  the  "  ready- 
**  money  sales,"  towards  the  end  of  the  period  over  which 
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the  Journal  extends,  up  to  about  501.  per  month,  or  600Z. 
per  annum ;  a  large  portion  of  which,  however,  must  have 
gone  to  pay  for  materials  and  the  wages  of  workmen.  James 
Watt  is  throughout  credited  with  a  salary  of  35Z.  per  annum ; 
Craig  appearing  to  have  taken  no  share  in  the  manufacturing 
part  of  the  business,  but  only,  (as  is  shown  by  a  memorandum 
in  the  Journal),  to  have  been  book-keeper  to  the  concern,  and 
to  have  advanced  the  greater  portion  of  the  requisite  funds. 
One  journeyman  throughout  the  year,  and  three  or  four 
others,  from  time  to  time,  as  occasion  required,  were  all  that 
Mr.  Watt  at  first  found  it  necessary  to  employ ;  but  before 
the  end  of  1764  their  number  had  increased  to  sixteen  "  of 
**  all  arms."  Among  their  names  we  find  those  of  three 
Gardners, — Alexander,  David,  and  John, — of  whom  one  at 
least  was  long  afterwards  known  in  Glasgow  as  a  well- 
instructed  and  reputable  philosophical-instrument-maker. 
From  the  accounts  of  the  business  coming  to  a  close  in  1765, 
and  Mr.  Watt  having  said  in  a  letter  to  Mr.  Boulton  in  1768, 
"  about  three  years  ago,  a  gentleman  who  was  concerned  with 
"  me  died,"  we  conclude  that  the  termination  of  the  partner- 
ship is  thus  explained. 

In  the  retired  course  of  life  which,  from  choice  as  well  as 
necessity,  he  appears  to  have  followed,  manual  labour  and 
mental  study  were  blended  in  pretty  equal  proportions ;  but 
idleness  or  mere  amusement  had  certainly  no  share.  He 
ardently  seized  every  opportunity  of  extending  his  acquaint- 
ance with  the  various  branches  of  physical  philosophyj  and  of 
investigating  the  principles  of  its  phenomena,  as  if  prophetic- 
ally conscious  that  to  his  untaught  but  earnest  apprehension 
might  be  revealed  those  secrets  which  hitherto  had  been 
hidden  even  from  the  wise  and  learned ;  endeavouring, — to 
use  an  expression  of  his  own, — "  to  find  out  the  weak  side  of 
"  Nature,  and  to  vanquish  her," — "  for  Nature,"  he  again  says, 
*'  has  a  weak  side,  if  we  can  only  find  it  out !"  Beyond  the 
necessity  for  some  daily  labour  in  order  to  earn  his  daily 
bread,  and  his  hope, — often,  as  will  be  seen,  very  uncertain, — 
of  future  independence,  he  had  little  else  than  the  pleasiu-e 
he  found  in  plulosophicfd  pursuits  to  stimulate  or  reward  hia 
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zeal :  the  toils  of  his  business  were  severe,  and  the  profitable 
returns  but  small ;  while  of  those  whose  society  was  open  to 
him,  there  were  few  indeed  who  possessed  either  an  equality 
of  learning  or  a  community  of  tastes  with  himselfl  But  in 
his  endeavours  to  subjugate,  by  the  resources  of  practical  ait, 
those  natural  difficulties  which  presented  themselTes  to  his 
hand  or  eye,  nothing  seemed  to  deter  his  zeal  or  baffle  his 
penetration ;  a  very  curious  proof  of  which  was  afforded  by 
his  frequent  construction,  about  the  period  at  which  we  have 
now  arrived,  of  musical  instruments  of  perfect  compass  and 
tone,  although  he  had  himself,  by  nature,  an  absolute  defi- 
ciency of  all  musical  ear. 

Professor  Kobison,  in  a  document  from  which  we  shall 
hereafter  have  to  make  large  quotations,  gives  a  remarkable 
instance  of  this : — "  A  mason-lodge  in  Glasgow  wanted  an 
"  organ.  The  office-bearers  were  acquaintances  of  Mr.  Watt 
**  We  imagined  that  Mr.  Watt  could  do  anything ;  and, 
"  though  we  all  knew  that  he  did  not  know  one  musical 
**  note  from  another,  he  was  asked  if  he  could  build  this  organ. 
^  He  had  repaired  one,  and  it  had  amused  him.  He  said, 
"  *  Yes  ; '  but  he  began  by  building  a  very  small  one  for  his 
^'  intimate  friend  Dr.  Black,  which  is  now  in  my  possession. 
*'  In  doing  this,  a  thousand  things  occurred  to  him  which 
"  no  organ-builder  ever  dreamed  of, — ^nice  indicators  of  the 
"  strength  of  the  blast,  regulators  of  it,  &c.  &c  He  began  to 
"  the  great  one.  He  then  began  to  study  the  philosophical 
"  theory  of  music.  Fortunately  for  me,  no  book  was  at  hand 
"  but  the  most  refined  of  all,  and  the  only  one  that  can  be 
"  said  to  contain  any  theory  at  all, — Smith's  Harmonics. 
"  Before  Mr.  Watt  had  half  finished  this  organ,  he  and  I 
"  were  completely  masters  of  that  most  refined  and  beautiful 
"  theory  of  the  beats  of  imperfect  consonances.  He  found 
"  that  by  these  beats  it  would  be  possible  for  him,  totally 
"  ignorant  of  music,  to  tune  this  organ  according  to  any 
"  system  of  temperament ;  and  he  did  so,  to  the  delight  and 
"  astonishment  of  our  best  performers.  In  prosecution  of 
"  this,  he  invented  a  real  monochord  of  continued  tone ;  and, 
^  in  playing  with  this,  he  made  an  observation  which,  had  it 
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'*  then  been  known^  wonld  have  tenninated  a  dispute  between 
"  the  first  mathematicians  in  Europe, — ^Enler  and  D'Alem- 
**  bert ;  which  completely  establishes  the  theory  of  Daniel 
**  Bemonilli,  who  differed  from  both  of  those  gentlemen,  about 
'*  the  mechanism  of  the  vibration  of  musical  chords ;  and  as 
^  completely  explains  the  harmonic  notes  which  accompany 
**  all  foil  musical  notes,  oyertuming  the  theories  of  Rameaa 
"  and  Tartini" 

The  date  of  the  construction  of  those  organs  is  pretty 
exactly  fixed  by  two  letteiS  from  his  friend  Alexander  Gum- 
ming, F.K.S.,  a  very  ingenious  adept  in  similar  pursuits,  then 
resident  in  London,  whose  name  is  well  known  by  his  merito- 
rious publications  on  subjects  of  mechanical  interest ;  such 
as,  the  elements  of  clock  and  watch-work,  the  influence  of 
gravitation  as  a  mechanical  power,  and  the  effects  of  cylin- 
drical instead  of  conical  carriage-wheels.  Writing  to  Mr. 
Watt  on  the  27th  December,  1761,  Mr.  Gumming  approves 
of  his  scheme  for  an  organ,  supplies  him  with  a  note  of  the 
prices  of  organ-pipes,  and  inquires  "How  gets  on  fiddle- 
"  making?"  And  on  the  8th  September,  1762,  he  expresses 
himself  as  ''  glad  of  his  success  in  organ-building,"  and  de- 
scribes the  magnificent  instrument  of  the  same  kind  which 
he  had  himself  constructed  for  Lord  Bute,  at  a  cost  of  2000t 
Mr.  Gumming  adds  this  ftirther  notice  of  his  own  proceedings 
in  the  way  of  ingenious  musical  mechanism ; — "  I  have  pro- 
"  posed  an  improvement  on  the  musical-glasses,  (that  are 
"  played  by  moving  the  wet  fingers  along  the  brim),  by 
"  making  them  play  with  keys ;  but,  as  I  have  as  great  a 
"  demand  in  the  way  of  my  business  as  I  can  well  answer, 
"  have  put  off  the  thoughts  of  that  and  some  other  experi- 
"  ments  till  I  have  more  leisure."  The  organs  here  spoken 
o(f  were  not  the  only  produce  of  Mr.  Watt's  musical  manu- 
facture ;  and  guitars,  flutes,  and  violins  are  still  in  existence, 
preserved  with  care  by  their  respective  possessors,  as  curious 
instances  of  so  extraordinary  a  parentage ;  which,  indeed, 
when  we  consider  the  co-existence  of  a  physical  deficiency 
in  a  point  apparently  essential,  must  be  viewed  as  little  short 
of  a  miracle  in  the  works  of  untutored  handicraft 
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This  singular  result  was  brought  about  in  a  way  yery  chi- 
racteristic  of  the  age  of  which  we  are  speaking :  for,  a  centoxy 
later,  the  same  opportunity  would  not  have  occurred,  nor 
would  the  same  inventiveness  have  been  thereby  stimu- 
lated. The  youth  who  could  not  only  safely  handle  and 
rightly  use,  but  could  even  restore  or  construct  the  complex 
and  mysterious  instruments  which  puzzled  the  students  and 
attracted  the  professors  of  Glasgow  College,  was  naturallj 
looked  upon  as  an  oracle.  He  was  visited  and  consulted  on 
many  occasions ; —  ♦ 

"  And  still  they  gazed,  and  still  the  wonder  grew, 
"  That  one  small  head  could  carry  all  he  knew." 

And  so  it  came  to  pass,  in  days  when  neat-handed  and  skil- 
ful workmen  in  any  of  the  nicer  handicrafts  were  rarely  to 
be  met  with  in  provincial  towns, — when  barbers  were  dften 
surgeons,  and  blacksmiths,  on  occasion,  could  be  dentists,— 
that  the  maker  of  the  instruments  of  "  Divine  Philosophy," 
was  solicited  to  become  a  mender  of  instruments  of  music. 
Succeeding  beyond  expectation  in  his  first  attempts  in  that 
novel  line,  it  is  wonderful  how  many  dumb  flutes  and  gontj 
harps,  dislocated  violins  and  fractured  guitars,  nervous  viol- 
di-gambas,  hysterical  mandolins,  and  thorough-basses  suffering 
from  hoarseness,  came  thenceforward  to  be  cured  by  him  d 
their  complaints,  and  restored  to  health  and  harmony. 

It  might  have  been  supposed  that  they  could  scarcely  have 
gone  to  a  worse  doctor ;  as  mere  neatness  of  hand,  devoid  of 
all  ear  for  musical  notes,  could  not  reasonably  have  been 
expected  to  suffice  for  the  successful  treatment  of  such 
patients.  Tet,  from  the  rapid  increase  in  the  extent  of  that 
peculiar  department  of  his  business,  it  seems  certain  that  the 
ciu-es  he  wrought  were  very  complete  and  satisfactory  ;  and, 
as  "  P.  P.,  derk  of  this  parish,"  did  unto  shoes,  so  did  the 
young  philosopher,  with  as  little  derogation  from  the  dignity 
of  his  higher  calling,  unto  the  instruments  of  music : — "  fiddles 
**  also  did  he  make,  and,  if  entreated,  mend ;  with  good 
*'  approbation." 

Of  one  of  the  organs  constructed  by  Mr.  Watt,  the  late 
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Mr.  Archibald  Maclellan,  who,  for  thirty  years  prior  to  his 
decease  in  1854,  was  a  prominent  member  of  the  Town 
Council  of  Glasgow,  and  a  zealous  patron  of  the  fine  arts, 
became  the  possessor.  In  his  last  illness,  Mr.  Maclellan  dic- 
tated the  following  historiette,  which  is  not  without  interest ; 
although  the  assertion  with  which  it  sets  out,  of  Mr.  Watt's 
fondness  for  music,  needs,  as  we  have  seen,  very  great  qualifi- 
cation, and  might  better  have  been  limited  to  the  predilec- 
tion, which  he  no  doubt  did  possess,  for  constructing  musical 
instruments. 

"  Mugdock  Castle,  14  Sept.  1854. 

"  It  is  well  known  that  the  great  James  Watt  was  fond  of 
"  music,  and  while  in  Glasgow  constructed  more  than  one 
oi^gan.  One  of  these  was  a  small  instrument^  about  three 
feet  square,  in  the  form  of  a  small  table,  but  having  exter- 
nally no  appearance  of  a  musical  instrument.  At  this  table, 
"  where  his  friends  and  he  were  sitting,  the  movement  being 
concealed,  Mr.  Watt  astonished  them  by  the  production  of 
the  music.  This  little  table,  about  forty  years  ago,  fell  into 
"  the  hands  of  the  late  Steven,  the  music-seller,  in  Wilson 
*'  Street,  who  had  an  organ  front  with  gilt  pipes  and  sides 
'*  placed  on  the  top  of  the  table,  and  gave  it  the  shape  it 
"  now  bears.  I  bought  it  from  Steven,  and  put  an  additional 
"  reed  stop  into  it  It  remains  so  at  present.  Such  is  the 
history  of  this  interesting  little  instrument,  and  I  think  I 
need  scarcely  recommend  it  to  my  trustees  as  a  fancy  and  a 
work  of  the  great  James  Watt  deserving  of  their  notice  and 
'•  preservation.  The  instrument,  when  in  proper  tune,  is  of 
"  considerable  power  and  very  pleasing  harmony,  and,  in  my 
"  keeping,  has  been  orthodox  in  its  application,  from  *  Martyrs' 
"  to  *  Old  Hundred.' 

"Archd.  M'Lellan." 

In  1763,  Watt  quitted  his  coUege  rooms  for  a  small  abode 
in  the  city ;  a  change  made,  probably,  in  contemplation  of 
his  marriage  to  his  cousin.  Miss  Miller,  which  took  place  in 
July  of  the  following  year.  The  site  of  his  new  dwelling,  or 
at  least  of  the  workshop  in  which  his  earliest  experiments  on 
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the  steam-eDgine  were  made,  and  which  in  all  probability  was 
under  the  same  roof,  is  stated  by  Mr.  Eobert  Hart  to  hare 
been  in  or  close  to  King  Street.  "  In  answer  to  my  questkHi 
"  about  the  site  of  this  shop,  Mr.  Watt  said,  *  It  was  in  a  little 
"  *  court  [at  the]  north  end  of  the  beef  market ;  the  house 
"  *  projects  into  the  court ;  I  think  a  carrier  occupies  it  at 
"  *  present'  I  think  this  was  in  the  year  1813  or  1814. 
"  My  brother  and  I  went  next  morning,  and  saw  the  hoose; 
'^  a  large  door  had  been  made  in  the  end  of  it,  to  make  it 
"  into  a  cart-house,  and  a  carrier  was  loading  his  cart  in  it 
"  at  the  time.  I  think  it  stood  where  Millar's  Place  is, 
"  just  in  front  of  what  was  the  inn  door,  as  it  was  but  a  few 
"  yards  from  the  north-east  corner  of  the  market,  in  a  north- 
"  east  direction."  In  1770  it  appears  that  he  went  through  the 
"  disagreeable  operation  "  of  removing  his  "  household  ftmai- 
"  ture  and  utensils  to  another  house ; "  but,  during  the  whole 
of  his  residence  in  Glasgow,  he  practised  housekeeping,  from 
necessity  as  well  as  choice,  on  a  very  humble  scale.  After 
his  marriage,  however,  his  dwelling  was  enlightened  by  a 
charming  presence,  which.  '^  made  a  sunshine  in  that  shady 

place."     "  I  have  not  entered,"  says  Miss  Campbell,  "  into 

any  of  the  interesting  details  my  mother  gave  me  of  Mr. 

Watt's  early  and  constant  attachment  to  his  cousin  MiaB 
"  Miller ;  but  she  ever  considered  it  as  having  added  to  his 
**  enjoyment  of  life,  and  as  having  had  the  most  beneficial 
"  influence  on  his  character.  Even  his  powerful  mind  sank 
"  occasionally  into  misantlu'opic  gloom,  from  the  pressure  of 
"  long-continued  nervous  head-aches,  and  repeated  disappoint- 
"  ments  in  his  hopes  of  success  in  life.  Mrs.  Watt,  fiom  her 
"  sweetness  of  temper,  and  lively,  cheerful  disposition,  had 
"  power  to  win  him  from  every  wayward  fancy ;  to  rouse  and 
"  animate  him  to  active  exertion.  She  drew  out  all  his  gentle 
"  virtues,  his  native  benevolence,  and  warm  afiections." 

In  1765,  Mr,  Watt  contrived  an  ingenious  machine  for 
drawing  in  perspective,  of  which  he  has  left  the  following 
description,  together  with  drawings  which  are  here  engraved 
on  wood  (see  pages  52,  53) ;  and  the  instrument  may 
be  considered  a  sort  of  connecting  link  between  his  mathe- 
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maticAl-instrument-making  and  his  surveying.  His  first  per- 
spective machine,  like  his  first  organ,  was  constructed  for  his 
friend  Dr.  Black. 

Perspective  Machine, 

"  The  perspective  machine  was  invented  about  1765,  on  the 

"  following  occasion.     My  friend,  Dr.  James  Lind,  brought 

"  from  India  a  machine,  invented  by  some  English  gentleman 

"  there, — ^I  believe,  a  Mr.  Hurst, — which  consisted  of  a  board, 

"  fixed  on  three  legs  perpendicularly,  upon  which,  close  to 

"  the  bottom  and  near  the  ends,  were  fixed  two  small  friction- 

"  wheels,  upon  which  a  horizontal  ruler  rested,  and  could  be 

"  moved  endways  horizontally,  and  this  ruler  was  about  twice 

"  the  length  of  the  board.     On  tlie  middle  of  this  ruler  was 

*'  fixed  a  perpendicular  ruler,  reaching   a  little   above  the 

"  upper  edge  of  the  board,  and  in  this  ruler  there  was  a 

"  groove  similar  to  that  of  the  slip  of  a  sliding  rule,  which 

*'  was   also,  like  that,  furnished  with  a  slider  which  could 

"  freely  move  up  and  down  in  it,  and  the  upper  end  of  which, 

"  being  pointed,  served  for  an  index.     In  the  bottom  of  the 

"  groove  in  the  perpendicular  ruler  there  was  a  slit  cut  quite 

"  through  the  ruler,  nearly  .'from  one  end  to  the  other.     In 

"  the  lower  end  of  the  slider  was  fixed  a  pencil,  the  point  of 

which  reached  quite  through  the  ruler  to  the  paper  to  be 

"  drawn  upon,  which  was  stretched  upon  the  board.     An  arm 

projecting  forward  was  fixed  to  one  of  the  upper  comers  of 

the  board,  (I  do  not  remember  how),  and  upon  its  end  nearest 

"  the  draughtsman  it  carried  a  sight  or  eye-piece,  consisting 

of  a  small  piece  of  metal  with  a  small  hole  in  it,  and  this 

eye-piece  was  elevated  about  half  the  width  of  the  board 

above  its  upper  edge.     The  rulers,  sliders,  &c.,  were,  I 

think,  made  of  brass,  consequently  heavy ;  but  moved  easily 

"  on  the  pulleys,  or  friction-wheels. 

In  using  the  machine,  the  board  being  placed  at  right 

angles  to  a  line  supposed  to  be  drawn  from  the  middle  of 

the  object  which  was  to  be  delineated,  and  the  sight  adjusted 

'*  so  as  to  give  a  proper  scale,  the  socket  of  the  pencil  was 

"  taken  in  the  hand,  the  eye  applied  to  the  sight,  and  the 
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index  or  acute  top  of  the  slider  was  made  to  travel  over  the 
lines  of  the  object  to  be  delineated,  which  it  was  enabled  to 
"  do  by  a  composition  of  the  horizontal  motion  of  the  lower 
"  ruler  on  the  wheels,  and  of  the  perpendicular  motion  of  tiie 
slider  in  the  upright  ruler :  the  pencil  then  described  the 
lines  upon  the  paper.  This  instrument  very  readily  described 
"  perpendicular  or  horizontal  lines,  as  these  accorded  best 
"  with  its  natural  motions.  But  in  diagonal  or  curved  lines 
"  it  was  difficult  to  make  the  index  follow  them  exactlv,  and 
"  the  whole  motions  were  heavy  and  embarrassing  to  the 
"  hand.  Moreover,  the  instrument  was  heavy  and  too  bulky. 
"  I  wished  to  make  a  machine  more  portable,  and  easier 
"  in  its  use ;  and,  at  the  suggestion  of  my  friend,  Mr.  John 
"  Robison,  I  turned  my  thoughts  to  the  double  parallel  ruler, 
"  an  instrument  then  very  little  known,  and  not  at  all  used 
"  that  I  know  of.  After  some  meditation,  I  contrived  the 
"  means  of  applying  it  to  this  purpose,  and  of  making  the 
"  machine  extremely  light  and  portable. 

"  The  machine  consisted  of  a  box  about  an  inch  and  a  half 
"  deep  on  the  outside,  thirteen  inches  long,  and  five  inches 
"  wide,  and  hinged  so  that  when  opened  it  formed  a  flat 
**  board  (AB)  of  thirteen  inches  long  and  ten  inches  wide,  on 
"  which  the  paper  was  stretched.  It  was  kept  open  by  means 
"  of  three  legs  (CCC),  which  were  fastened  to  the  back  part 
"  of  it,  and  served  to  support  it  at  a  proper  height.  From 
"  the  right  hand  upper  comer  of  this  box  or  board,  a  jointed 
"  arm  (DE)  projected  forward,  to  carry  the  eye-piece  or  sight 
"  (F),  which  could,  by  means  of  the  joints,  be  adjusted  higher 
"  or  lower,  nearer  to,  or  further  from  the  board,  as  might  be 
"  required.  To  the  lower  edge  of  the  board  were  attached 
"  two  thin  slips  of  wood  (GG),  ten  inches  long  and  ten  inches 
"  apart,  and  to  the  lower  ends  of  these  slips  was  attached  the 
"  lower  side  of  a  double  parallel  ruler  (HJK),  every  member 
"  of  wliich  was  ten  inches  long  between  centres,  so  that,  when 
"  fully  open,  it  formed  two  squares  joined  by  one  side  of  each, 
"  and  in  other  states  formed  lozenges,  or  rhombuses  of  difierent 
"  degrees  of  obliquity.  This  double  parallelogram  was  formed 
"  partly  of  thin  slips  of  wood,  and  partly  of  brass   much 
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"  hammer-hardened,  and  all  very  Ught.  To  the  middle  (K) 
"  of  the  upper  side  of  the  higher  parallelogram,  was  fixed,  at 
right  angles  upwards,  another  slip  of  wood  (L),  about  eleven 
"  inches  long,  and  ending  in  a  brass  point  which  served  for 
an  index,  which,  by  the  construction,  could  be  moved  equally 
easily  in  every  direction,  and  with  very  little  friction ;  and, 
"  at  the  same  time,  all  the  positions  of  the  rulers  were  always 
"  parallel  to  each  other.  A  pencil,  pressed  upon  by  a  spring, 
"  was  fixed  in  the  junction  of  the  perpendicular  slip  or  index 
"  at  K. 

A  paper  being  stretched  upon  the  board,  and  the  sight 
being  moved  to  a  proper  distance  from  the  board,  (generally 
about  eighteen  inches),  the  hand  being  applied  to  the  pencil 
socket,  (for  the  pencil  was  not  pressed  upon  by  the  hand), 
the  upper  point  of  the  index  was  led  along  the  lines  of  the 
objects  intended  to  be  delineated ;  and,  when  perpendicular 
lines  occurred,  the  index  pointing  to  the  upper  end  of  them, 
the  finger  of  the  left  hand  being  appUed  to  the  board 
touching  the  perpendicular  slip,  and  the  pencil  drawn  down- 
wards, the  line  would  be  straight.  In  the  same  way,  the 
horizontal  slip  served  as  a  guide  for  horizontal  lines ;  all 
others  were  drawn  by  the  eye  guiding  the  index,  and,  if  the 
paper  was  smooth,  could  be  drawn  very  correctly. 

The  whole  of  the  double  parallelogram  and  its  attached 
slips,  (which  latter  were  contrived  to  be  easily  separated 
from  the  board),  were  made  capable  of  being  readily  folded 
up,  so  as  to  occupy  only  a  small  space  in  the  box  formed 
by  the  board,  when  folded  up.  The  sight-piece  also  folded 
up,  and  readily  found  its  place  in  the  box,  which  also  con- 
tained screws  for  fixing  on  the  legs  of  the  instrument ;  and 
the  box,  when  shut,  could  be  put  into  a  great-coat  pocket. 
The  three  legs  were  made  of  tinned  iron,  tapering,  and  one 
^^  a  little  smaller  than  another,  so  that  they  went  into  one 
another,  and  formed  a  walking-stick  about  four  and  a  half 
"  feet  long. 

I  made  many  of  these  instruments  about  the  time  men- 
tioned,— perhaps  from  fifty  to  eighty.  They  went  to  various 
parts  of  the  world:  among  other  places  several  went  to 
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^  l/yndfAij  where  George  AdamSr  senr^  copied  and  made  them 
**  for  sale,  putting  his  own  name  on  them ;  and,  as  I  hate 
"  been  toli,  in  a  book  which  he  published,  describing  Tarious 
"*  instroments.  he  took  the  credit  of  the  inrention  to  himself, 
"*  or  expressed  himself  so  as  to  leave  that  sapposable :  but  I 
'*  hare  not  seen  the  book  as  far  as  I  can  remember,  but  have 
*'  seen  the  instruments  ^~ith  his  name  on  them." 

The  work  here  alluded  to  is  doubtless  *A  Treatise  de- 
'  scribing  and  explaining  the  Construction  and  Use  of  new 

*  Celestial  and  Terrestrial  Globes,  &c.  By  G^rge  Adams, 
'  Mathematical  Instrument  maker  to  his  Majesty.  London, 
'  1766 ;'  prefixed  to  which,  and  bound  up  with  it,  is  *  A 
'  Catalogue  of  Mathematical,  Philosophical,  and  Optical  In- 

*  struments  made  and  sold  by  George  Adams,  Mathematical 
'  Instrument  maker  to  the  King,  at  his   shop,  the  sign  of 

*  Tycho  Brahe's  Head,  in  Fleet  Street,  London,  where  Gren- 

*  tlemen  and  Ladies  may  be  supplied  with  siu:h  Instrumetdt 
'  a»  are  either  invented  or  improved  by  himself  y  and  constructed 
'  according  to  the  most  perfect  theory.'  And  among  the 
optical  instruments  is  placed — 

"  A  new  inBtniment  for  taking  perspective  views  ..  £6    6     0.** 

This,  when  taken  in  connection  with  Mr.  Watt  having  seen 
the  instruments  with  Adams's  name  on  them,  and  identified 
them  with  those  of  his  own  invention,  certainly  seems  to  war* 
rant  the  information  he  received  on  the  subject.  Although, 
perhaps,  the  first  instance,  it  was  to  be  by  no  means  the  last 
in  which  he  was  to  suffer  by  the  application  of  the  "  vos  non 
"  vobis  "  principle.  But  it  was  usual  with  him  not  to  make  any 
public  reclamation  of  even  his  best-established  rights,  until 
forced  to  do  so  by  a  strong  pressure ;  and  then  it  was  only  in 
the  most  modest,  cautious,  and  unobtrusive  manner. 
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CHAPTER  VI. 

MR.  watt's  introduction  TO  DR.  BLACK,  AND  TO  PROFB880R  ROBISON  — 
DR.  black's  HISTORY  OF  THEIR  FRIENDSHIP,  AND  OF  MR.  WATTS 
IMPROVEMENTS  ON  THE  STEAM-ENGINE  —  DR.  ROBISON's  HISTORY  OF  HIS 
ACQUAINTANCE  WITH  MR.  WATT  —  ACCOUNT  OF  HIS  CHARACTER, 
ABILITIES,  DISPOSITIONS,  HABITS,  AND  PURSUITS  —  EXPERIMENTS  ON 
MODEL  OF  NSWCOMEN's  ENGINE  —  INVENTION  OF  SEPARATE  CONDENSER, 
AND  FURTHER  IMPROVEMENTS  ON  THE  STEAM-ENGINE. 

It  was  at  this  time  that  the  young  artificer's  earnest  devotion 
to  philosophical  pursuits,  as  well  as  his  amiable  and  virtuous 
dispositions,  gained  hini  the  approving  notice  and  enduring 
friendship  of  Dr.  Black ;  who,  in  1756,  was  appointed  Pro- 
fessor of  Anatomy,  and,  in  1757,  Professor  of  the  Practice  of 
Medicine,  in  Glasgow  College.  It  was  also  in  the  commence- 
ment of  the  winter  of  1758-9  that  he  made  the  acquaintance 
of  another  able  and  ardent  student,  imbued  with  predilections 
similar  to  his  own,  Mr.  John  Bobison,  afterwards,  by  Dr. 
Black's  recommendation,  appointed  to  succeed  Dr.  B.  as 
Lecturer  on  Chemistry  in  the  University  of  Glasgow;  and 
who  subsequently  became  eminent  as  Professor  of  Natural 
Philosophy  in  that  of  Edinburgh.  Both  of  those  learned  per- 
sons, owing  to  the  accidental  circumstance  of  their  testimony 
having  been  called  for  on  occasion  of  infringements  of  Mr. 
Watt's  patents,  at  a  period  nearly  forty  years  subsequent  to 
their  first  meeting  at  Glasgow,  have  left  interesting  narratives 
of  the  rise  and  progress  of  their  intercourse  with  Mr.  Watt, 
and  of  the  origin  of  his  first  and  greatest  invention ;  which,  as 
they  do  honour  alike  to  their  authors  and  their  subject,  we  do 
not  hesitate  to  place  before  our  readers.  That  by  Dr.  Black, 
which  is  by  much  the  shorter  of  the  two,  had  never  been 
noticed  by  any  of  the  previous  biographers  of  Watt,  nor, 
indeed,  did  its  existence  appear  to  have  been  known  to  them ; 
while  from  Dr.  Bobison's  longer,  but  highly  curious  and  im- 
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portant  narrative,  only  a  very  brief  extract  was  published  by 
M.  Arago. 

History  of  Mr.   WatCs  Improvement  of  the    Steanv-Miffine, 

By  Joseph  Black,  M.D.* 

"  I  became  acquainted  with  Mr.  James  Watt  in  the  year 
"  1757  or  1758,  at  which  time  I  was  Professor  of  Medicine 
"  and  Lecturer  of  Chemistry  in  the  University  of  Glasgow. 
"  About  that  time  Mr.  Watt  came  to  settle  in  Glasgow  as  a 
"  maker  of  mathematical  instruments ;  but  being  molested 
"  by  some  of  the  corporations,  who  considered  him  as  an 
"  intruder  on  their  privileges,  the  University  protected  him 
"  by  giving  him  a  shop  within  their  precincts,  and  by  con- 
"  ferring  on  him  the  title  of  Mathematical  Instrument  Maker 
"  to  the  University. 

"  I  soon  had  occasion  to  employ  him  to  make  some  things 
"  which  I  needed  for  my  experiments,  and  found  him  to  be  a 
"  young  man  possessing  most  uncommon  talents  for  mechanical 
"  knowledge  and  practice,  with  an  originality,  readiness,  and 

copiousness  of  invention,  which  often  surprised  and  delighted 

me  in  our  frequent  conversations  together.  I  also  had 
"  many  opportunities  to  know  that  he  was  as  remarkable  for 
"  the  goodness  of  his  heart,  and  the  candour  and  simplicity 
"  of  his  mind,  as  for  the  acuteness  of  his  genius  and  under- 
"  standing.  I  therefore  contracted  with  him  an  intimate 
"  firiendship,  which  has  continued  and  increased  ever  since 
"  that  time.  I  mention  these  circumstances  only  to  show 
"  how  it  happened  that  I  was  thoroughly  acquainted  with  tihe 
"  progress  of  his  inventions,  and  with  the  different  objects 
"  that  engaged  his  attention,  while  I  remained  at  Glasgow, 
"  and,  in  a  great  measure,  ever  since. 

"  A  few  years  after  he  was  settled  at  Glasgow  he  was 
"  employed  by  the  Professor  of  Natural  Philosophy  to  examine 
"  and  rectify  a  small  workable  model  of  a  steam-engine,  which 
"  was  out  of  order.     This  turned  a  part  of  his  thoughts  and 

*  The  original  document  is  in  the     Dr.  B.  has  written,  **  Mr.  Watt*s  law- 
hand-writing  of  Dr.  Black.    On  the     "  suit.  1796-97." 
envelope  in  which   it   is   enclosed. 
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"  fertile  invention  to  the  nature  and  improvement  of  steam- 
"  engines,  to  the  perfection  of  their  machinery,  and  to  the 
*'  different  means  by  which  their  great  consumption  of  fuel 
might  be  diminished.  He  soon  acquired  such  a  reputation 
for  his  knowledge  on  this  subject,  that  he  was  employed  to 
plan  and  erect  several  engines  in  different  places,  while  at 
the  same  time  he  was  frequently  making  new  experiments 
"  to  lessen  the  waste  of  heat  from  the  external  surface  of  the 
boiler,  and  from  that  of  the  cylinder. 
"  But  after  he  had  been  thus  employed  a  considerable 
time,  he  perceived  that  by  far  the  greatest  waste  of  heat 
proceeded  from  the  waste  of  steam  in  filling  the  cylinder 
with  steam.  In  filling  the  cylinder  with  steam,  for  every 
"  stroke  of  the  common  engine  a  great  part  of  the  steam  is 
"  chilled  and  condensed  by  the  coldness  of  the  cylinder,  before 
"  this  last  is  heated  enough  to  qualify  it  for  being  filled  with 
"  elastic  vapour  or  perfect  steam ;  he  perceived,  therefore, 
that  by  preventing  this  waste  of  steam,  an  incomparably 
greater  saving  of  heat  and  fiiel  would  be  attained  than  by 
any  other  contrivance.  It  was  thus,  in  the  beginning  of 
the  year  1765,  that  the  fortunate  thought  occurred  to  him 
of  condensing  the  steam  by  cold  in  a  separate  vessel  or 
apparatus,  between  which  and  the  cylinder  a  communi- 
"  cation  was  to  be  opened  for  that  purpose  every  time  the 
''  st^am  was  to  be  condensed ;  while  the  cylinder  itself  might 
"  be  preserved  perpetually  hot,  no  cold  water  or  air  being 
"  ever  admitted  into  its  cavity. 

"  This  capital  improvement  flashed  on  his  mind  at  once, 
"  and  filled  him  with  rapture ;  and  he  immediately  made  a 
"  hasty  trial  of  it,  which  satisfied  him  of  its  value,  employing 
"  for  this  purpose  a  large  brass  syringe  which  he  borrowed 
"  from  a  friend." 

Such  is  the  first  part  of  the  concise,  but  emphatic  and 
comprehensive  account  given  by  Dr.  Black ;  the  remainder 
of  which  we  reserve  till  somewhat  later  in  our  narrative.  In 
the  meantime,  we  proceed  to  give  the  greater  portion  of  that 
of  Dr.  Bobison,  which,  entering  more  into  detail,  seems  more 
entirely  to  place  us,  as  it  were,  in  the  very  presence,  and 
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reveal  to  us  the  whole  course  of  thought  and  inquiry,  of  his 
inventive  companion  and  friend.  According  to  Mr.  Watt's 
own  statement,  to  Eobison  belongs  the  honour  of  having 
been  the  first  who  drew  his  attention  to  the  subject  of  steam- 
engines  ; — in  1759  even  suggesting  their  application  to  **  the 
"  moving  of  wheel-carriages,"  and  to  other  purposes. 


Narrative  of  Mr,  Watt's  Invetvtion  of  the  Improved  Engine 

By  Professor  Robison.* 

"  My  acquaintance  with  Mr.  Watt  began  in  1758.f  I 
"  was  then  a  student  in  the  University  of  Glasgow,  and 
**  studying  the  science  which  I  now  profess  to  teach,  Natural 
'*  Philosophy.  The  University  was  then  building  an  astro- 
"  nomical  observatory.  Mr.  Watt  came  to  settle  in  Glasgow 
*'  as  a  mathematical  and  philosophical  instrument-maker, 
"  and  was  employed  to  repair  and  set  up  a  very  noble  coUec- 
'*  tion  of  instruments  bequeathed  to  the  University  by  Mr. 
"  Macfarlane  of  Jamaica,  a  gentleman  well  known  to  the 
"  scientific  world.  Mr.  Watt  had  apartments  and  a  work- 
**  shop  within  the  College.  I  had,  from  my  earliest  youth,  a 
*'  great  relish  for  the  natural  sciences,  and  particularly  for 
"  mathematical  and  mechanical  philosophy.  I  was  eager  to 
"  be  acquainted  with  the  practice  of  astronomical  observa- 
*'  tion,  and  my  wishes  were  much  encouraged  by  the  cele- 
"  brated  Dr.  Simson,  Professor  of  Geometry,  Dr.  Dick,  Pro- 
**  fessor  of  Natural  Philosophy,  and  Dr.  Moor,  Professor  of 
*'  Greek ; — gentlemen  eminent  for  their  mathematical  abih- 
"  ties.  Those  gentlemen  brought  me  with  them  into  Mr. 
"  Watt's  shop ;   and  when   he   saw  me  thus  patronised,   or 


*  The  original  is  in  tho  hand- 
writing  of  Professor  R.,  and  is  in- 
dorsed **  Versus  Homblower  and 
"Maberly,  1796." 

t  Mr.  Watt,  in  his  *  RecoUections 
*  of  his  friend  Dr.  J.  Robison/  written 
in  April,  1805,  says,  "our  acquaint- 
•*ance  began  in  1756  or  57,  when  I 
»*  was  employed  hj  the  University  of 
•*  Glasgow  to  repair  and  put  in  order 


"  some  astronomical  instruments,  be* 
"  queathed  to  the  University  by  Mr. 
"Macfarlane  of  Jamaica."  One  of 
these  earlier  dates  is  no  doubt  the 
correct  one,  as  Dr.  Bobison  asso- 
ciates Dr.  Dick's  name  with  his  first 
acquaintance  with  Mr.  Watt,  and  Dr. 
Dick's  death,  as  mentioned  above, 
took  place  in  1757. 
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"  introduced,   his  natural  complaisance    made  him  readily 
"  indulge  my  curiosity." 

Elsewhere, — in  a  letter  to  Mr.  Watt,  in  1799,  on  the  death 
of  Dr.  Black, — Robison  says,  "My  first  acquaintance  with 
"  Dr.  Black  began  in  your  rooms,  when  you  were  rubbing  up 
"  M'Farlane's  instruments.  Dr.  Black  used  to  come  in,  and, 
standing  with  his  back  to  us,  amuse  himself  with  Bird's 
quadrant,  wliistling  softly  to  himself,  in  a  manner  that 
"  thrilled  me  to  the  heart.  .  .  In  the  end  of  1758, 
"  when  I  went  to  sea,  and  had  a  favour  to  ask  of  the  pro- 
"  fessors.  Dr.  Black  spoke  very  handsomely  of  me.  This 
I  learned  at  my  return ;  but  we  had  no  further 
acquaintance  till  then,  or  rather  till  1764;  and  his 
"  marked  attention  to  me,  (as  he  told  me  not  long  ago),  was 
"  owing  to  my  saying  distinctly,  and  giving  reasons  for  it, 
"  that  Dr.  Dick,  my  professor,  had  infinitely  more  know- 
"  ledge  than  his  successor,  who  was  much  more  popular. 
**  Indeed,  Dr.  Black  has  often  said  to  me,  that  Dick 
"  was  one  of  the  most  sensible  and  manly  fellows  he  ever 
"  knew." 

**  After  first  feasting  my  eyes  with  the  view  of  fine  instru- 
"  ments,  and  prying  into  everything,  I  conversed,"  continues 
Professor  Robison,  "  with  Mr.  Watt.  I  saw  a  workman,  and 
"  expected  no  more ;  but  was  surprised  to  find  a  philosopher, 
"  as  young  as  myself,  and  always  ready  to  instruct  me.  I 
had  the  vanity  to  think  myself  a  pretty  good  proficient  in 
my  favourite  study,  and  was  rather  mortified  at  finding 
"  Mr.  Watt  so  much  my  superior.  But  his  own  high  relish 
"  for  those  things  made  him  pleased  with  the  chat  of  any 
"  person  who  had  the  same  tastes  with  himself,  or  his  innate 
"  complaisance  made  him  indulge  my  curiosity,  and  even 
'*  encourage  my  endeavours  to  form  a  more  intimate 
acquaintance  with  him.  I  lounged  much  about  him,  and, 
I  doubt  not,  was  frequently  teasing  him.  Thus  our 
"  acquaintance  began. 

It  was  interrupted  in  1759.     I  left  the  College  for  the 
navy,   where   I   was   a  midshipman   four  years,  and  was 
"  present  in  some  of  the  most  remarkable  actions  of  that 
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"  war.*  My  health  snflFered  so  mnch  by  a  seafaring  life,  that  I 
*'  was  obliged  to  give  it  np,  much  against  my  incUnatioD,  and 
"  return  to  my  academical  habita  I  was  happy  to  find  Mr. 
"  Watt  settled  in  Gla^ow,  as  fond  of  science  as  ever.  Onr 
''  acquaintance  was  renewed ;  I  believe,  with  matnal  satisEMh 
"  tion,  for  I  had  now  acquired  some  knowledge.  I  had  lived 
in  the  closest  intimacy  with  the  late  Admiral  Sir  Cliari«?3 
Knowles,  and  had  been  a  good  deal  employed  in  marine 
"  surveys.  I  had  been  employed  by  the  Admiralty  to  make 
"  the  observations  for  the  trial  of  Mr.  Harrison's  famous  time- 
"  piece  ;  in  short,  my  habits  had  been  such,  that  I  reckoned 
"  myself  more  on  a  par  with  Mr.  Watt,  and  hoped  for  a 
"  closer  acquaintance.  Nor  was  I  disappointed.  I  found 
"  him  as  good  and  kind  as  ever,  as  keen  after  the  acquisition 
"  of  knowledge,  and  well  disposed  to  listen  to  the  informatioD 
"  I  could  give  him  concerning  things  which  had  not  fidlen  in 
"  his  own  way.  But  I  found  him  continually  striking  into 
"  untrodden  paths,  where  I  was  always  obliged  to  be  a  fol- 
"  lower. 

"  Our  acquaintance  at  this  time  became  very   intimate, 
"  and  I  believe  neither  of  us  engaged  far  in  any  train  of 
"  thought  without  the  other  sharing  in  it.     I  had  had  the 
"  advantage  of  a  more  regular  education :   this   frequently 
"  enabled  me  to  direct  or  confirm  Mr.  Watt's  speculations, 
"  and  put  into  a  systematic  form  tlie  random  suggestions  of 
"  his  inquisitive  and  inventive  mind.     Tliis  kind  of  friendly 
"  commerce  knit  us  more  together,  and  each  of  us  knew  the 
"  whole  extent  of  the  other's  reading  and  knowledge.     I  was 
"  not  singular  in  this  attachment     All  the  young  lads  of  our 
"  little  place  that  were  any  way  remarkable  for  scientific  pre- 
"  dilection  were  acquaintances  of  Mr.  Watt ;  and  his  parlour 


♦  Among  tho  number,  tlie  Btonn- 
ing  of  Quebec  wag  perhaps  the  most 
conspicuous.  On  the  eve  of  tliat 
victor}',  the  triumph  of  which  was  so 
much  embittered  oy  the  death  of  tlie 
gallant  Wolfe,  it  happened  that  Mr. 
Robison  was  on  duty  in  the  boat  in 
which  that  general  went  to  visit  some 
poets ;  and  ne  has  recorded  that,  as 


they  rowed  along,  Wolfe  repeat4?d 
aloud  nearlv  the  whole  of  Gray's 
Elegy,  and  declared  that  "  he  would 
"prefer  being  the  author  of  that 
"poem  to  the  glory  of  beating  the 
"French  to-morrow."     See  *Biogra- 

*  phical  Account  of  the  late  Professor 

*  Kobison.'  by  Playfair. 
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was  a  rendezvous  for  all  of  this  description.  Whenever  any 
puzzle  came  in  the  way  of  any  of  us,  we  went  to  Mr. 
Watt.  He  needed  only  to  be  prompted;  everything 
became  to  him  the  beginning  of  a  new  and  serious  study ; 
**  and  we  knew  that  he  would  not  quit  it  till  he  had  either 
**  discovered  its  insignificance,  or  had  made  something  of  it. 
No  matter  in  what  line, — languages,  antiquity,  natural  his- 
tory,— nay,  poetry,  criticism,  and  works  of  taste ;  as  to 
anything  in  the  line  of  engineering,  whether  civil  or  mili- 
tary, he  was  at  home,  and  a  ready  instructor.  Hardly  any 
projects,  such  as  canals,  deepening  the  river,  surveys,  or  the 
"  like,  were  imdertaken  in  the  neighbourhood  without  con- 
sulting Mr.  Watt ;  and  he  was  even  importuned  to  take  the 
charge  of  some  considerable  works  of  this  kind,  though 
they  were  such  as  he  had  not  the  smallest  experience  in. 
"  When  to  this  superiority  of  knowledge,  which  every  man 
'^  confessed  in  his  own  line,  is  added  the  nmve  simplicity  and 
"  candour  of  Mr.  Watt's  character,  it  is  no  wonder  that  the 
attachment  of  his  acquaintances  was  strong.  I  have  seen 
"  something  of  the  world,  and  am  obliged  to  say  that  I  never 
saw  such  another  instance  of  general  and  cordial  attach- 
ment to  a  person  whom  all  acknowledged  to  be  their  supe- 
"  rior.  But  this  superiority  was  concealed  under  the  most 
amiable  candour,  and  liberal  allowance  of  merit  to  every 
"  man.  Mr.  Watt  was  the  first  to  ascribe  to  the  ingenuity  of 
a  friend  things  which  were  very  often  nothing  but  his  own 
surmises,  followed  out  and  embodied  by  another.  I  am 
well  entitled  to  say  this,  and  have  often  experienced  it  in 
my  own  case. 

But  the  circumstance  which  made  Mr.  Watt's  acquaint- 
"  ance  so  valuable  to  me,  was  the  trait  of  character  I  have 
"  already  mentioned.  Everything  became  to  him  a  subject 
"  of  new  and  serious  study, — everything  became  science  in  his 
"  hands ;  and  I  took  every  opportunity  of  ofiering  my  feeble 
"  aid,  by  prosecuting  systematically,  and  with  the  help  of 
'^  mathematical  discussion,  thoughts  which  he  was  contented 
"  with  having  suggested  or  directed.  I  thus  shared  the 
"  fruits  of  his  invention ;  and  with  gratitude  I  here  acknow- 
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'^  ledge  my  obligations  to  him  for  that  strong  relish  which  I 

*•  thus  acquired  for  rational  mechanics,   and  which  I  have 

*'  cultivated  with  great  assiduity  and  pleasure  all  my  life.    I 

'*  also  shared  with  Mr.  Watt  a  good  deal  of  that  subsidiaiy 

"  knowledge,  which  he  acquired  as  so  many  stepping-stones 

"  in  his  way  to   some  favourite   objects.     He    learned  the 

<•  German  language  in  order  to  peruse  Leupold's  *Theatnnn 

"  'Machinarum :' — so  did   I,  to   know  what  he  was  about 

^'  Similar  reasons  made  us  both  learn  Italian;    and  so  of 

"  other  things.     And  I  cannot  here  pass  over  another  circuin- 

"  stance  which  endeared  Mr.  Watt  to  us  all :  he  was  without 

*'  the  smallest  wish  to  appropriate  knowledge  to  himself; 

"  and  one  of  his  greatest  delights  was  to  set  others  on  the 

"  same  road  to  knowledge  with  himself.     No  man  could  be 

"  more  distant  from  the  jealous  concealment  of  a  tradesman; 

"  and  I  am  convinced  that  nothing  but  the  magnitude  of  the 

**  prospect  which  his  improvement  of  the  steam-engine  held 

"  out  to  him  and  his  family,  could  have  made  Mr.  Watt  refiwe 

*^  himself  the  pleasure  of  communicating  immediately  all  his 

**  discoveries  to  his  acquaintances.    Nay,  he  could  not  conceal 

*•  it ;  for,  besides  the  frankly  imparting  it  to  Dr.  Black,  to 

*'  myself,  and  two  or  three  more  intimate  friends,  he  disclosed 

*•  so  much  of  what  he  had  been  doing,  that  had  it  been  in 

**  London  or  Birmingham,  I  am  confident  that  two  or  three 

"  patents  would  have  been  expedited,  for  bits  of  his  niethod, 

"  by  bustling  tradesmen,  before  he   [would    have]   thought 

"  himself  entitled  to  solicit  such  a  thing. 

***** 

"  I  doubt  not  but  all  this  will  be  looked  upon  by  some  as 
'*  mere  panegjrric.  The  ignorant  are  insensible  to  the  plea- 
**  sures  of  science,  and  have  no  notion  of  the  attachments 
"  which  this  may  produce ;  and  the  low-bred  minds  whose 
"  whole  thoughts  are  full  of  concealment,  rivalship,  and 
"  money-making,  can  hardly  conceive  a  mind  that  is  not 
"  actuated  by  similar  propensities.  But  I  have  a  better 
**  opinion  of  those*  on  whose  feelings  and  judgment  the  issue 

*  The  special  jury,  in  tlie  cause  "Boulton  and  Watt  vertut  Homblower 
••  and  Maberly." 
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**  of  tliis  cause  is  to  depend.  I  wish  to  show  these  gentlemen 
*'  what  were  my  opportunities  of  seeing  the  steps  by  which 
**  Mr.  Watt  arrived  at  his  final  discovery ;  and  I  am  not 
"  afraid  that  they  will  misinterpret  the  satisfaction  I  feel  in 
**  having  this  opportunity  of  expressing  my  sentiments  of 
attachment  to  Mr.  Watt.  There  is  perhaps  but  one  other 
person  now  alive  •  who  was  a  witness  to  every  step  of  the 
invention,  and  I  regret  exceedingly  that  his  extreme  illness 
**  makes  it  impossible  for  my  friend  to  avail  himself  of  his 
testimony.  The  thoughts  of  doing  him  an  essential  service 
have  supported  me  in  my  journey  hither,  under  very  con- 
siderable  suffering;  and  when  I  find  that  not  only  the 
"  fortune  but  the  fair  name  of  a  most  worthy  man  is  con- 
"  eerned,  I  think  that  nothing  less  than  life  could  have 
**  excused  me  from  the  sound  duty  of  every  good  citizen — 
"  the  support  of  eminent  talents  and  worth  against  the  vile 
"  aspersions  of  low-bred  and  ignorant  pretenders. 

"  I  think  it  was  in  the  summer  of  1764,  or  perhaps  in  the 
"  spring  of  that  year,t  that  the  Professor  of  Natural  Philo- 
sophy in  the  University  desired  Mr.  Watt  to  repair  a  pretty 
model  of  Newcomen's  steam-engine.  This  model  was  at 
'*  first  a  fine  plaything  to  Mr.  Watt  and  to  myself,  now  a 
"  constant  visitor  at  the  workshop ;  but,  like  everything 
"  which  came  into  his  hands,  it  soon  became  an  object  of 
**  most  serious  study.  This  model  being  an  exact  copy  of  a 
"  real  engine,  the  motion  of  the  piston  behoved  to  be  the 
same,  and  the  strokes  to  be  much  more  frequent  In  con- 
sequence of  this,  the  boiler  was  unable  to  supply  more  than 
"  a  few  strokes.  The  boiler  was  made  to  boil  more  violently ; 
"  but  this,  instead  of  continuing  the  motion  by  a  more  plen- 
"  tiful  supply  of  steam,  stopped  the  machine  altogether ;  and 
"  we  attributed  this  to  the  statical  resistance  to  the  entry  of 
the  injection,  which  came  from  a  height  not  much  ex- 
ceeding a  foot  The  injection-cistern  was  placed  higher, 
but  without  efiect.     It  was  long  before  the  true  cause  was 
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♦  Dr.  Black. 

t  Mr.  Watt  hat  informed  ui  that  it  waa  in  the  winter  of  176M. 
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"  thought  of,  and  in  the  meantime  many  obeervations  were 
"  made  on  the  performance. 

"  Mr.  Watt  had  learned  from  Dr.  Black  somewhat  of  his 
"  late  discovery  of  the  latent  heat  of  fluids  and  of  steams. 
"  The  Doctor  had  established  his  doctrine  by  means  of  in- 
"  controvertible  experiments  in  the  case  of  congelation  and 
"  liquefaction ;  but  had  not  yet  devised  any  very  simple  and 
"  popular  experiments  for  showing  the  much  greater  quantity 
"  of  heat  which  is  contained  in  steam  in  a  latent  state.  Bnt 
the  great  variety  of  curious  and  abstruse  phenomena  which 
were  explicable  by  this  branch  of  the  theory  made  it  a 
subject  of  much  conversation  among  the  young  gentlemen 
"  at  college.  Sir.  Watt  was  one  of  the  most  zealous  partisans 
"  of  this  tiieory,*  and  tliis  little  job  of  the  model  came  oppw^ 
**  tunely  in  his  way,  and  immediately  took  his  whole  atten- 
**  tion.  He  made  many  curious  experiments ;  and  Dr.  Black 
**  publicly  acknowledges,  in  his  lectures,  his  obligations  to  Mr. 
"  Watt  for  the  chief  experiments  by  which  he  illustrates  and 
"  supports  his  theory.  I  had  not  yet  studied  chemistry,  and 
"  Mr.  Watt  was  my  first  instructor.  My  mind  was  fired  with 
"  the  inexhaustible  fund  of  instruction  and  entertainment 
**  which  I  now  saw  before  me ;  and  I  was  more  assiduous  in 
**  my  attendance  on  Mr.  Watt's  oc-cupations  than  ever,  and 
"  studied  the  little  model  as  much  as  he  did.  He  very  early 
"  saw  that  an  enormous  quantity  of  steam  was  wasted.  The 
"  great  heat  acquired  in  an  instant  by  the  cylinder,  by  the 
"  admission  of  a  few  grains  of  water  in  the  form  of  steam,  was 
an  incontestable  proof  of  the  great  quantity  of  fire  contained 
in  it ;  and  as  this  could  come  only  from  the  coals,  Mr.  Watt 
**  saw  at  once  that  the  chief  improvements  that  the  engine 
**  was  susceptible  of  must  consist  in  contrivances  for  increasing 
"  the  production,  and  for  diminishing  its  waste.  He  greatly 
"  improved  the  boiler  by  increasing  the  surface  to  which  the 


♦  Note  in  the  handwriting  of  Mr,  "  the  course  of  experiments  upon  the 

Watt. — "  Dr.  Robison  is  mistaken  in  "  engines,   when  the  fact  proved  a 

«*  this.     I  had  not  attended  to  Dr.  "  stumbling-block  which  the  Doctor 

"  Black's  experiment  or  theory  on  "  assisted  me  to  get  over. J.  W." 

'*  latent  heat,  untU  I  was  led  to  it  in 
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**  &e  was  applied ;  he  made  flues  through  the  middle  of  the 
"  water ;  he  placed  the  fire  in  the  middle  of  the  water ;  and 
**  made  his  boiler  of  wood,  as  a  worse  conductor  of  heat  than 
**  the  brickwork  which  surrounds  common  furnaces.  He 
**  cased  the  cylinder,  and  all  the  conducting-pipes,  in  mate- 
"  rials  which  conducted  heat  very  slowly ;  he  even  made  them 
"  of  wood.  After  much  acquaintance  with  his  models,  (for 
"  he  had  now  made  others),  he  found  that  there  was  still  a 
**  prodigious  and  unavoidable  waste  of  steam  and  fuel,  arising 
"  from  the  necessity  of  cooling  the  cylinder  very  low  at  every 
"  eflFective  stroke ;  and  he  was  able  to  show  that  more  than 
**  three-fourths  of  the  whole  steam  was  thus  condensed  and 
**  wasted  during  the  ascent  of  the  piston.  (Subsequent  expe- 
"  riments,  made  with  better  apparatus,  showed  him  that  the 
"  waste  was  much  greater  than  this.)  I  had  seen  all  these 
"  contrivances,  and  many  of  the  experiments,  and  had  some- 
"  times  contributed  my  mite  to  lessen  the  expensive  waste ; 
"  but  this  great  cause  of  loss  seemed  to  be  unavoidable. 

"  At  the  breaking-up  of  the  College,  (I  think  in  1765),  I 
•*  went  to  the  country.  About  a  fortnight  after  this,  T  came 
"  to  town,  and  went  to  have  a  chat  with  Mr.  Watt,  and  to 
"  communicate  to  him  some  observations  I  had  made  on 
"  Desaguliers'  and  Belidor's  account  of  the  steam-engine. 
«*  I  came  into  Mr.  Watt's  parlour  without  ceremony,  and 
"  found  him  sitting  before  the  fire,  having  lying  on  his  knee 
"  a  little  tin  cistern,  which  he  was  looking  at.  I  entered 
"  into  conversation  on  what  we  had  been  speaking  of  at  last 
**  meeting, — something  about  steam.  All  the  wlule,  Mr.  Watt 
"  kept  looking  at  the  fire,  and  laid  down  the  cistern  at  the 
"  foot  of  his  chair.  At  last  he  looked  at  me,  and  said  briskly, 
"  *  You  need  not  fash  yourself  any  more  about  that,  man;  I 
''  '  have  now  made  an  engine  that  shallnot  waste  a  particle 
"  *  of  steam.  It  shall  all  be  boiling  hot ; — aye,  and  hot  water 
*  injected  if  I  please.'  So  saying,  Mr.  Watt  looked  with 
complacency  at  the  little  thing  at  his  feet,  and,  seeing  that 
**  I  observed  him,  he  shoved  it  away  under  a  table  with  his 
"  foot  I  put  a  question  to  him  about  the  nature  of  his  con- 
"  trivance.     He  answered  me  rather  drily.     I  did  not  press 
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''  him  to  a  further  explanation  at  that  time,  knowing  that  I 
had  offended  him  a  few  days  before  by  blabbing  a  pretty 
contrivance  which  he  had  hit  on  for  turning  the  cocks  of 
the  engine.    I  had  mentioned  this  in  presence  of  an  engine- 
"  builder,  who  was  going  to  erect  one  for  a  firiend  of  mine ;  and 
**  this  having  come  to  Mr.  Watt's  ears,  he  found  fault  with  it 
I  was  very  anxious,  however,  to  learn  what  Mr.  T\^ 
had  contrived,  but  was  obliged  to  go  to   the  country  in 
"  the  evening.      A  gentleman  who  was  going  to  the  same 
house   said  that  he   would  give   me  a   place   in  his  car- 
"  riage,   and   desired  me  to  wait  for  him  on  the  walk  b? 
"  the  river-side.     I  went  thither,  and  found  Mr.  Alexander 
"  Brown,  a  very  intimate  acquaintance  of  Mr.  Watt's,  walk- 
ing with  another  gentleman,  (Mr.  Craig,  architect).    Mr. 
Brown  immediately  accosted  me  with,  '  Well,  have  you  seen 
"  '  Jamie  Watt  ? '—'  Yes.'—*  He  '11  be  in  high  spirits  now 
"  *  with  his   engine,  isn't  he  ? '      *  Yes,'  said  I,    *  very  fine 
"  *  spirits.'      *  Gad,'  says  BIr.  Brown,  *  the  condenser 's  the 
"  *  thing :    keep  it  but  cold  enough,  and  you  may  have  a 
"  *  perfect  vacuum,  whatever  be  the  heat  of  the  cylinder.' 
"  The  instant  he  said  this,  the  whole  flashed  on  my  mind  at 
"  once.     I  did  all  I  could  to  encourage  the  conversation,  bat 
"  was  much  embarrassed.     I  durst  not  appear  ignorant  of  the 
"  apparatus,  lest  Mr.  Brown  should  find  that  he  had  commu* 
"  nicated  more  than  he  ought  to  have  done.     I  could  only 
"  learn  that  there  was  a  vessel  called  a  condenser,  which  com- 
"  municated  with  the  cylinder,  and  that  this  condenser  was 
"  immersed  in  cold  water,  and  had  a  pump  to  clear  it  of  the 
"  water  which  was  formed  in  it.    I  also  learned  that  the  great 
**  diflSculty  was  to  make  the  piston  tight ;  and  that  leather 
"  and  felt  had  been  tried,  and  were  found  quite  unable  to 
"  stand  the  heat.     I  saw  that  the  whole  would  be  perfectly 
"  dry,  and  that  Mr.  Watt  had  used  steam  instead  of  air  to 
"  press  up  his  piston,  which  I  thought,  by  Mr.  Brown's  de- 
"  scription,  was  inverted.     We  parted,  and  I  went  home,  a 
"  very  silent  companion  to  the  gentleman  who  had  given  me 
"  a  seat.     Next  day,  impatient  to  see  the  effects  of  the  sepa- 
"  rate  condensation,  I  sent  to  Paisley  and  got  some  tin  things 
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"  made  there,  in  completion  of  the  notion  that  I  had  formed. 
**  I  tried  it  as  an  air-pump,  by  making  my  steam-vessel  com- 
"  municate  with  a  tea-kettle,  a  condenser,  and  a  glass  receiver. 
**  In  less  than  two  minutes  I  rarefied  the  air  in  a  pretty  large 
receiver  more  than  twenty  times.  I  could  go  no  farther  in 
this  process,  because  my  pump  for  taking  out  the  air  from 
my  condenser  was  too  large,  and  not  tight  enough ;  but  I 
saw  that  when  applied  to  the  mere  purpose  of  taking  out 
the  air  generated  from  the  water,  the  vacuum  might  be 
made  almost  complete.  I  saw,  too,  (in  consequence  of  a 
*'  conversation  the  preceding  day  with  Mr.  Watt  about  the 
**  eduction-pipe  in  Beighton's  engine),  that  a  long  suck-pipe, 
or  syphon,  would  take  oflF  all  the  water.  In  short,  I  had  no 
doubt  that  Mr.  Watt  had  really  made  a  perfect  steam-engine. 
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"  I  think  it  was  the  middle  of  winter  before  I  saw  Mr.  Watt. 
"  When  we  met,  he  most  frankly  told  me  all  his  contrivance ; 
*'  and  I  took  care  to  receive  it  all  as  perfectly  new  to  me, 
"  that  I  might  not  commit  Mr.  Brown.  I  remember  well, 
"  that  when  he  complained  of  the  great  power  expended  in 
'*  working  pumps  suflBciently  large  to  exhaust  a  condenser 
"  even  of  moderate  size,  (because  they  must  do  it  at  one 
"  stroke  against  the  whole  pressure  of  the  atmosphere),  I 
"  mentioned  the  observation  that  I  had  formerly  made  to 
"  him  on  the  eduction-pipe  of  Beighton's  engine,  and  the 
"  contrivance  which  I  would  deduce  from  it  for  clearing  the 
"  condenser  of  water.  Mr.  Watt  said,  *  0  man,  do  you  ima- 
"  *  gine  me  so  dull  as  not  to  have  thought  on  that  long  ago  ? 
"  *  But  I  could  give  you  many  reasons  why  it  will  not  answer 
"  *  so  well  as  a  pump.  I  wish  I  could  as  quickly  get  quit  of 
'*  *  the  air  as  of  the  water,  without  a  pump.  I  don't  despair 
"  *  even  of  this.'  He  now  informed  me  of  many  curious  pro- 
"  perties  of  steam  relative  to  its  heat  and  elasticity,  explained 
"  his  methods  of  condensation,  and  mentioned  some  remark- 
"  able  facts  relative  to  this  subject,  which  pass  to  this  day 
"  before  the  eyes  of  everybody,  without  being  noticed  or 
*•  understood  by  hundreds  who  call  themselves  engineers  and 
'*  builders  of  steam-engines. 
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"  After  this  time  my  meetings  with  Mr.  Watt  were  lea 
**  frequent.  He  was  much  fix)m  home,  working  with  his 
"  engine ;  and  I  was  now  obliged  to  devote  my  whole  atten- 
"  tion  to  another  subject  Dr.  Black,  my  preceptor  in  che- 
"  mistry,  was  now  removed  to  Edinburgh ;  and,  by  his  very 
"  unmerited  recommendation,  the  University  of  Glasgow 
"  placed  me  in  the  chemical  chair  which  he  had  just  quitted 
"  Frightened  by  my  own  good  fortune,  I  was  obliged  to  strain 
"  every  nerve  to  do  some  credit  to  so  partial  a  recommendi- 
**  tion ;  and  I  was  obliged  to  relinquish  all  other  occupatioDS 
"  of  my  tlioughts.  But  I  had  now  learned  all  the  principles 
"  of  Mr.  Watt's  invention,  though  I  had  never  seen  either  his 
"  engine  or  any  model  or  drawing  of  it.  I  knew  of  his  em- 
"  ploying  steam  in  place  of  the  atmosphere  to  press  forward 
"  his  piston,  although  it  was  long  ere  I  knew  the  way  in 
"  which  he  introduced  it.  I  thought  he  simply  admitted  it 
"  from  the  surrounding  case  by  the  open  mouth  of  the  cylin- 
"  dor ;  and  it  was  not  till  I  was  in  St  Petersburgh  that  1 
"  learned  that  he  also  introduced  it,  (without  a  steam-case), 
**  by  a  pipe.  This,  however,  was  a  natural  part  of  the  leading 
"  thought ;  and,  indeed,  was  practised  by  him  in  his  very  first 
"  experiment. 

"  In  this  experiment,  (wliich  was  made  with  a  common 
"  anatomist's  great  injection-syringe  for  a  cylinder),  the 
"  piston-rod  passed  through  a  collar  of  leathers  in  the  coTer 
"  of  the  cylinder,  and  the  steam  was  admitted  through  an- 
"  other  aperture  in  the  same  cover ;  and  it  escaped  into  the 
"  condenser  by  a  similar  aperture  in  a  cover  on  the  other  end 
"  of  the  cylinder.  Long  after  tliis,  I  found  that  the  little 
"  apparatus  which  I  saw  on  his  knee,  and  which  he  shoved 
"  under  the  table  with  his  foot,  was  the  condenser  in  this  first 
experiment  I  discovered  that  I  had  not  comprehended  the 
whole  contrivance  so  completely  as  I  imagined.  But  though 
"  I  was  ashamed  of  my  ignorance,  my  vanity  would  not  let 
"  me  acknowledge  it ;  and  I  took  circuitous  ways  of  learning 
"  more  exactly  the  precise  state  of  the  engine.  I  was  living 
"  in  Edinburgh  during  the  summer  of  1767,  near  Dr.  Black, 
**  in  order  to  prepare  myself  for  my  arduous  task ;  and  in  my 
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"  conversations  with  Dr.  Black  I  frequently  introduced  Watt's 
steam-engine.  I  one  day  asked  him  why  Mr.  Watt  never 
thought  of  impelling  the  piston  by  steam  much  stronger 
**  than  common  steam,  mentioning  the  way  in  which  I  would 
"  introduce  and  manage  it  He  then  corrected  me  in  some 
parts  of  my  proposed  construction,  and  described  Mr.  Watt's 
with  accuracy ;  and  bade  me  reflect  on  the  enormous  size 
and  strength  which  must  be  given  to  the  boiler,  and  the  ex- 
^  pense  of  fuel  in  supplying  steam  so  dense  and  so  hot.  All 
"  this  I  had  thought  on  already,  and  only  wanted  to  learn 
"  what  he  had  just  now  told  me ;  and  now  I  am  fully  entitled 
to  say,  that  in  the  summer  of  17G7  the  whole  contrivance 
was  perfect  in  Mr.  Watt's  mind,  although  he  had  neither 
"  executed  the  double  stroke,  nor  that  most  beautiful  con- 
"  trivance  of  cutting  oflf  the  steam  before  tlie  piston  reaches 
"  the  bottom  of  the  cylinder ;  a  contrivance  which  in  a 
"  moment  fits  the  engine,  however  great  and  powerful,  to  any 
'^  the  most  trifling  task,  and  makes  it  more  manageable  than 
"  any  other  engine  whatever  that  is  not  immediately  actuated 
"  by  the  hand  of  man.  Indeed,  any  person  who  deserves  the 
"  name  of  engineer  must  see,  and,  if  he  speak  from  the  con- 
"  viction  of  his  conscience,  must  acknowledge,  that  the  whole 
"  contrivance  was  perfect  in  Mr.  Watt's  mind  in  his  very  first 
"  trial. 

"  During  the.  two  following  winters,  notwithstanding  Mr. 
"  Watt's  frequent  absence  from  Glasgow,  and  my  constant 
occupation  with  my  chemical  lectures,  I  had  many  oppor- 
tunities of  conversing  with  him,  and  learned  all  his  diffi- 
culties and  embtirrassments.    He  struggled  long  to  condense 
with   sufficient  rapidity  without   injection,   and  exhibited 
many  beautiful  specimens  of  ingenuity  and  fertility  of  re- 
source.    Many  pretty  schemes  occurred  to  him  for  a  rota- 
tory engine.     Some  of  these  I  am  sorry  to  find  that  he  has 
neglected.     I  am  confident  of  their  complete  success ;  and 
'^  though  I  agree  with  him  in  thinking  that  his  engine  with  a 
"  double  stroke  is  superior  to  them  all,  I  should  have  been 
glad  that  they  had  been  executed,  because  they  would  have 
given  a  most  brilliant  specimen  of  his  wonderful  ingenuity 


it 

it 


16 

it 


72  LIFE  OF  WATT,  Chap.YL 

"  and   of  his  knowledge ;    for,  indeed,  the   management  of 
"  steam  to  perfection  is  the  employment  of  an  accomplished 

"  philosopher. 

«  «  «  «  « 

"  During  my  residence  in  Glasgow  I  was  in  habits  of  con- 
"  tinnal  intimacy  with  Mr.  Watt.  All  who  knew  him  know 
"  that  it  is  his  greatest  pleasure  to  communicate  his  know- 
"  ledge  to  those  who  have  a  relish  for  it.  I  have  reason  to 
"  think  that  he  never,  from  any  kind  of  jealousy,  concealed 
"  anything  from  me.  From  the  day  that  he — I  may  almost 
"  say  we — began  to  play  with  the  College  model,  I  knew 
"  almost  every  step  of  his  thoughts.  He  was  confined  to  liis 
"  business ;  I  was  more  at  large,  and  going  about  the  College. 
**  I  ransacked  the  libraries  for  every  book  that  lie  wanted; 
"  and  every  quotation  that  he  met  with  made  him  impatient 
"  till  he  got  at  the  original.  I  saw  every  book  that  he  got  by 
"  any  other  channel  besides  the  public  libraries.  So  I  may 
"  safely  say  that  I  kne^y  the  whole  extent  of  his  reading. 
*'  Our  abode  was  too  far  out  of  the  circJe  of  busuiess  for  allow- 
"  ing  us  to  be  informed  of  the  numberless  projects  that  are 
"  every  day  born  and  buried  in  this  busy  country.  I  can  say, 
"  with  great  confidence,  that  nothing  ever  occurred  to  Mr. 
**  Watt,  either  by  reading  or  information,  of  his  leading  prin- 
"  ciple,  of  a  steam-vessel  j^erpetually  and  universally  hot 
"  All  the  other  contrivances,  of  separate  condenser, — air  and 
"  water-pumps, — amalgam,  or  rosins,  or  fats  for  keeping  the 
"  piston  air-tight, — are  but  so  many  emanations  from  this 
"  first  thought ;  and  I  will  venture  to  say  they  all  came  into 
"  his  mind  in  succession,  and  nearly  in  the  order  I  have  stated, 
"  after  he  said  to  himself,  *  Let  me  make  an  engine,  working 
"  *  by  a  piston,  in  which  the  cylinder  shall  be  continually  hot 
"  *  and  perfectly  dry.'  I  will  venture  to  say  that  in  no  book 
"  previous  to  that  date  is  there  any  account  or  proposal  of 
"  such  a  thing,  if  we  except  some  attempts  to  put  the  steam- 
"  vessel  of  Worcester's  or  Savory's  engine  in  this  predicament, 
"  by  means  of  a  travelling  mass  of  oil  or  air,  which  was  to  be 
"  interposed  between  the  steam  and  the  water  that  was  to  be 
**  raised.     Of  these,  Mr.  Watt  and  I  had  some  very  imperfect 
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account ;  but  they  never  interested  him,  because  the  very 
nature  of  the  operation  made  it  impossible  to  do  anything 
more  than  approximate  to  the  desired  object 
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"I  must  say,  further,  that  the  thought  was  wholly  Mr. 
"  Watt's.  For  this  I  have  every  authority  that  can  be  wished 
for.  I  am  certain  that  when  I  went  out  of  town  in  (May,  I 
think,)  1765,  he  had  not  thought  of  the  method  of  keeping 
the  cylinder  hot ;  and  I  am  as  certain  that  a  fortnight  after 
he  had  completed  it,  and  confirmed  it  by  experiment  Dr. 
**  Black,  the  first  philosophical  chemist  of  his  time,  and  the 
**  most  scrupulous  man  upon  earth  with  respect  to  claims  of 
**  originality,  gave  this  to  Mr.  Watt  in  the  most  unqualified 
'*  terms,  the  first  time  I  saw  him  after  I  had  learned  it  from 
"  Mr.  Brown,  and  long  before  I  saw  Mr.  Watt  and  got  it  more 
**  distinctly  from  himself."     *     •    • 
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CHAPTER  VII. 

MB.  watt's  KABRATIVE  OF  THE  INVBNTI0K8  DB8CBIBBD  IK  RIB  SPBCIIICi- 
TIOM  OF  1769,  GIVEN  IN  HIS  NOTES  ON  B0BI80N — FUBTHEB  AmKaxyW 
OF  HIS  INVENTION  OF  THE  SEPARATE  CONDENSES  —  HIS  NABRATin 
ENTITLED  "  A  PLAIN   STORY." 

The  account  giren  by  Mr.  Watt  himself,  in  his  Notes  on 
Professor  Robison's  Dissertation  on  Steam-engines,^  is  as 
follows : — 

"My  attention  was  first  directed,  in  the  year  1759,  to  the 
"  subject  of  steam-engines,  by  the  late  Dr.  Bobison,  theo  ft 
"  student  in  the  University  of  Glasgow,  and  nearly  of  my  own 
"  age.  He  at  that  time  threw  out  an  idea  of  applying  the 
"  power  of  the  steam-engine  to  the  moving  of  wheel-carriages, 
"  and  to  other  purposes ;  but  the  scheme  was  not  matured, 
"  and  was  soon  abandoned  on  his  going  abroad. 

"  About  the  year  1761,  or  1762, 1  tried  some  experiments 
on  the  force  of  steam  in  a  Papin's  digester,  and  formed  a 
species  of  steam-engine  by  fixing  upon  it  a  syringe,  one-thiid 
"  of  an  inch  diameter,  with  a  solid  piston,  and  furnished  also 
"  with  a  cock  to  admit  the  steam  from  the  digester,  or  shut 
"  it  oflf  at  pleasure,  as  well  as  to  open  a  communication  from 
"  the  inside  of  the  syringe  to  the  open  air,  by  which  the  steam 
"  contained  in  the  syringe  might  escape.     When  the  commu* 
"  nication  between  the  digester  and  syringe  was  opened,  the 
"  steam  entered  the  syringe,  and  by  its  action  upon  the  piston 
"  raised  a  considerable  weight  (15  lbs.)  with  which  it  was 
"  loaded.     When  this  was  raised  as  high   as  was  thought 
"  proper,  the  communication  with  the  digester  was  shut,  and 
"  that  with  the  atmosphere  opened ;  the  steam  then  made  its 
"  escape,  and  the  weight  descended.     The  operations  were 
"  repeated,  and,  though  in  this  experiment  the   cock  was 
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**  turned  by  hand,  it  was  easy  to  see  how  it  could  be  done  by 
"  the  machine  itself,  and  to  make  it  work  with  perfect  regu- 
Ifiuity.  But  I  soon  relinquished  the  idea  of  constructing  an 
engine  upon  its  principle,  from  being  sensible  it  would  be 
liable  to  some  of  the  objections  against  Savery's  engine, 
viz.,  the  danger  of  bursting  the  boiler,  and  the  difficulty  of 
making  the  joints  tight,  and  also  that  a  great  part  of  the 
power  of  the  steam  would  be  lost,  because  no  vacuum  was 
formed  to  assist  the  descent  of  the  piston.  I,  however, 
*'  described  this  engine  in  the  fourth  article  of  the  specifica- 
tion of  my  patent  of  1769 ;  and  again  in  the  specification 
of  another  patent  in  the  year  1784,  together  with  a  mode 
of  applying  it  to  the  moving  of  wheel-carriages. 
**  The  attention  necessary  to  the  avocations  of  business  pre- 
vented me  from  then  prosecuting  the  subject  further ;  but 
in  the  winter  of  1763-4,  having  occasion  to  repair  a  model 
of  Newcomen's  engine  belonging  to  the  Natural  Philosophy 
class  of  the  University  of  Glasgow,  my  mind  was  again 
"  directed  to  it  At  that  period  my  knowledge  was  derived 
"  principally  from  Desaguliers,  and  partly  fix)m  Belidor.  I 
"  set  about  repairing  it  as  a  mere  mechanician ;  and  when 
"  that  was  done,  and  it  was  set  to  work,  I  was  surprised  to 
"  find  that  its  boiler  could  not  supply  it  with  steam,  though 
"  apparently  quite  large  enough,  (the  cylinder  of  the  model 
being  two  inches  in  diameter,  and  six  inches  stroke,  and 
the  boiler  about  nine  inches  diameter).  By  blowing  the 
fire  it  was  made  to  take  a  few  strokes,  but  required  an 
**  enormous  quantity  of  injection  water,  though  it  was  very 
"  lightly  loaded  by  the  column  of  water  in  the  pump.  It 
soon  occurred  that  this  was  caused  by  the  little  cylinder 
exposing  a  greater  surface  to  condense  the  steam,  than 
the  cylinders  of  larger  engines  did  in  proportion  to  their 
"  respective  contents.  It  was  found  that  by  shortening  the 
column  of  water  in  the  pump,  the  boiler  could  supply  the 
cylinder  with  steam,  and  that  the  engine  would  work  regu- 
larly with  a  moderate  quantity  of  injection.  It  now 
appeared  that  the  cylinder  of  the  model,  being  of  brass, 
**  would  conduct  heat  much  better  than  the  cast-iron  cylinders 
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"  of  larger  engines,  (generally  corered  on  the  inside  irilki 
''  stony  crust),  and  that  considerable  advantage  coold  b 
"  gained  by  making  the  cylinders  of  some  substance  Ad 
"  would  receive  and  give  out  heat  slowly.  Of  these,  looJ 
"  seemed  to  be  the  most  likely,  provided  it  should  prow 
"  suflSciently  durable.  A  small  engine  was,  therefore,  c» 
"  structed,  with  a  cylinder  six  inches  diameter,  and  twdw 
"  inches  stroke,  made  of  wood,  soaked  in  linseed  oil,  aai 
"  baked  to  dryness.  With  this  engine  many  ezperimeoli 
"  were  made ;  but  it  was  soon  found  that  the  wooden  cylinder 
"  was  not  likely  to  prove  durable,  and  that  the  steam  c» 
"  densed  in  filling  it  still  exceeded  the  proportion  of  tint 
"  required  for  large  engines,  according  to  the  statements  d 
^'  Desaguliers.  It  was  also  found  that  all  attempts  to  prodnoa 
"  a  better  exhaustion  by  throwing  in  more  injection,  caused  i 
"  disproportionate  waste  of  steam.  On  reflection,  the  am 
"  of  this  seemed  to  be  the  boiUng  of  water  in  vacuo  at  bf 
"  heats,  a  discovery  lately  made  by  Dr.  Cullen  and  some 
"  other  philosophers,  (below  100°,  as  I  was  then  informed); 
"  and  consequently,  at  greater  heats,  the  water  in  the  cylinder 
"  would  produce  a  steam  which  would,  in  part>  resist  flie 
"  pressure  of  the  atmosphere. 

"  By  experiments  wliich  I  then  tried  upon  the  heats  it 
"  which  water  boils  under  several  pressures  greater  than  thit 
"  of  the  atmosphere,  it  appeared  that  when  the  heats  pro- 
"  ceeded  in  an  arithmetical,  the  elasticities  proceeded  in  somfl 
geometrical  ratio ;  and,  by  laying  down  a  ciure  firom  my 
data,  I  ascertained  the  particular  one  near  enough  for  my 
"  purpose.     It  also  appeared,  that  any  approach  to  a  vacaom 
"  could  only  be  obtained  by  throwing  in  large  quantities  of 
"  injection,  which  would  cool  the  cylinder  so  much  as  to 
"  require  quantities  of  steam  to  heat  it  again,  out  of  propo^ 
tion  to  the  power  gained  by  the  more  perfect  vacuum  ;  and 
that  the  old  engineers  had  acted  wisely  in  contenting  them- 
"  selves  with  loading  the  engine  with  only  six  or  seven  pounds 
"  on  each  square  inch  of  the  area  of  the  piston.     It  being 
"  evident  that  there  was  a  great  error  in  Dr.  DesaguUers' 
"  calculations  of  Mr.  Beighton's  experiments  on  the  bulk  of 
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''  steam,  a  Florence  flask,  capable  of  containing  about  a  pound 
"  of  water,  had  about  one  ounce  of  distilled  water  put  into 
"  it ;  a  glass  tube  was  fitted  into  its  mouth,  and  the  joining 
"  made  tight  by  lapping  that  part  of  the  tube  with  pack- 
"  thread,  covered  with  glazier's  putty.  When  the  flask  was 
•*  set  upright,  the  tube  reached  down  near  to  the  surface  of 
**  the  water,  and  in  that  position  the  whole  was  placed  in  a 
"  tin  reflecting  oven  before  a  fire,  until  the  water  was  wholly 
"  evaporated,  which  happened  in  about  an  hour,  and  might 
**  have  been  done  sooner  had  I  not  wished  tlie  heat  not  much 
"  to  exceed  that  of  boiling  water.  As  the  air  in  the  flask 
"  was  heavier  than  the  steam,  the  latter  ascended  to  the  top, 
and  expelled  the  air  through  the  tube.  When  the  water 
was  all  evaporated,  the  oven  and  flask  were  removed  from 
the  fire,  and  a  blast  of  cold  air  was  directed  against  one 
*^  side  of  the  flask,  to  collect  the  condensed  steam  in  one 
"  place.  When  all  was  cold,  the  tube  was  removed ;  the  flask 
"  and  its  contents  were  weighed  with  care ;  and  the  flask 
"  being  made  hot,  it  was  dried  by  blowing  into  it  by  bellows, 
"  and  when  weighed  again,  was  foimd  to  have  lost  rather 
"  more  than  four  grains,  estimated  at  4J  grains.  When  the 
"  flask  was  filled  with  water,  it  was  found  to  contain  about 
"  n\  ounces  avoirdupois  of  that  fiuid,  which  gave  about  1800 
"  for  the  expansion  of  water  converted  into  steam  of  the  heat 
"  of  boiling  water. 

"This  experiment  was  repeated  with  nearly  the  same 
"  result ;  and  in  order  to  ascertain  whether  the  fiask  had 
been  wholly  filled  with  steam,  a  similar  quantity  of  water 
was  for  the  third  time  evaporated ;  and,  while  the  flask  was 
"  still  cold,  it  was  placed  inverted,  with  its  mouth  (contracted 
"  by  the  tube)  immersed  in  a  vessel  of  water,  which  it  sucked 
"  in  as  it  cooled,  until  in  the  temperature  of  the  atmosphere 
"  it  was  filled  to  within  half  an  ounce  measure  of  water.  In 
^  the  contrivance  of  this  experiment  I  was  assisted  by  Dr. 
"  Black.  In  Dr.  Eobison's  edition  of  Dr.  Black's  Lectures, 
**  voL  i,  p.  147,  the  latter  hints  at  some  experiments  upon 
*^  this  subject,  as  made  by  him ;  but  I  have  no  knowledge  of 
^  any  except  those  which  I  made  myself. 
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*'  In  repetitions  of  this  experiment  at  a  later  date,  I  sim- 
"  plified  the  apparatus  by  omitting  the  tube  and  laying  the 
flask  upon  iia  side  in  the  oven,  partly  closing  its  mouth  bj 
a  cork,  having  a  notch  on  one  side,  and  otherwise  joo- 
"  ceeding  as  has  been  mentioned. 

"  I  do  not  consider  these  experiments  as  extremely  acco- 
"  rate,  the  only  scale-beam  of  a  proper  size  which  I  had  then 
"  at  my  command  not  being  very  sensible,  and  the  bulk  of 
"  the  steam  being  liable  to  be  influenced  by  the  heat  to  which 
"  it  is  exposed,  which,  in  the  way  described,  is  not  eady 
"  regulated  or  ascertained ;  but,  from  my  experience  in  actual 
"  practice,  I  esteem  the  expansion  to  be  rather  more  than  I 
"  have  computed. 

"  A  boiler  was  constructed  which  showed,  by  inspectioD, 
"  the  quantity  of  water  evaporated  in  any  given  time,  and 
thereby  ascertained  the  quantity  of  steam  used  in  every 
stroke  by  the  engine,  which  I  found  to  be  several  times  the 
"  full  of  the  cylinder.     Astonished  at  the  quantity  of  water 
"  required  for  the  injection,  and  the  great  heat  it  had  acquired 
"  from  the  small  quantity  of  water  in  the  form  of  steam  which 
**  had  been  used  in  filling  the  cylinder,  and  thinking  I  had 
"  m^ide  some  mistake,  the  following  experiment  was  tried:— 
"  A  glass  tube  was  bent  at  right  angles ;  one  end  was  inserted 
"  horizontally  into  the  spout  of  a  tea-kettle,  and  the  other 
"  part  was  immersed  perpendicularly  in  well-water  contained 
^'  in  a  cyUndric  glass  vessel,  and  steam  was  made  to  pass 
"  through  it  until  it  ceased  to  be  condensed,  and  the  water  in 
**  the  glass  vessel  was  become  nearly  boiling  hot     The  water 
''  in  the  glass  vessel  was  then  found  to  have  gained  an  addi> 
'*  tion  of  about  one-sixth  part  from  the  condensed  steam. 
"  Consequently,  water  converted  into  steam  can  heat  about 
"  six  times  its  own  weight  of  well-water  to  212°,  or  till  it  can 
condense  no  more  steam.     Being  struck  with  this  remark- 
able fact,  and  not  understanding  the  reason  of  it»  I  men- 
"  tioned  it  to  my  friend  Dr.  Black,  who  then  explained  to  me 
*^  his  doctrine  of  latent  heat,  which  he  had  taught  for  some 
"  time  before  this  period  (summer  1764) ;  but  having  myself 
'^  been  occupied  with  the  pursuits  of  business,  if  I  had  heard 
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**  of  iU  I  had  not  attended  to  it,  when  I  thus  stumbled  upon 
one  of  the  material  fSeu^ts  by  which  that  beautiful  theory  is 
supported. 

On  reflecting  further,  I  perceived,  that  in  order  to  make 
the  best  use  of  steam,  it  was  necessary — first,  that  the 
**  cylinder  should  be  maintained  always  as  hot  as  the  steam 
"  which  entered  it ;  and,  secondly,  that  when  the  steam  was 
condensed,  the  water  of  which  it  was  composed,  and  the 
injection  itself,  should  be  cooled  down  to  100°,  or  lower, 
where  that  was  possible.  The  means  of  accomplishing  these 
points  did  not  immediately  present  themselves ;  but  early 
**  in  1765  it  occurred  to  me,  that  if  a  communication  were 
"  opened  between  a  cylinder  containing  steam,  and  another 
*^  vessel  which  was  exhausted  of  air  and  other  fluids,  the 
**  steam,  as  an  elastic  fluid,  would  immediately  rush  into  the 
'*  empty  vessel,  and  continue  so  to  do  until  it  had  established 
"  an  equiUbrium ;  and  if  that  vessel  were  kept  very  cool  by 
"  an  injection,  or  otherwise,  more  steam  would  continue  to 
"  enter  until  the  whole  was  condensed.  But  both  the  vessels 
"  being  exhausted,  or  nearly  so,  how  were  the  injection-water, 
"  the  air  which  would  enter  with  it,  and  the  condensed  steam, 
to  be  got  out  ?  This  I  proposed,  in  my  own  mind,  to  per- 
form in  two  ways.  One  was,  by  adapting  to  the  second 
"  vessel  a  pipe,  reaching  downwards  more  than  34  feet,  by 
"  which  the  water  would  descend,  (a  column  of  that  length 
••  overbalancing  the  atmosphere),  and  by  extracting  the  air 
"  by  means  of  a  pump. 

"  The  second  method  was  by  employing  a  pump,  or  pumps, 
"  to  extract  both  the  air  and  the  water,  which  would  be 
applicable  in  all  places,  and  essential  in  those  cases  where 
there  was  no  well  or  pit. 

*'  This  latter  method  was  the  one  I  then  preferred,  and  is 
the  only  one  I  afterwards  continued  to  use. 

In  Newcomen's  engine,  the  piston  is  kept  tight  by  water, 
which  could  not  be  applicable  in  this  new  method ;  as,  if 
any  of  it  entered  into  a  partially-exhausted  and  hot  cylin- 
der, it  would  boil,  and  prevent  the  production  of  a  vacuum, 
and  would  also  cool  the  cylinder  by  its  evaporation  during 
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the  descent  of  the  piston.  I  proposed  to  remedy  this  defect 
by  employing  wax,  tallow,  or  other  grease,  to  lubricate  ud 
"  keep  the  piston  tight  It  next  occurred  to  me,  that  tke 
"  mouth  of  the  cylinder  being  open,  the  air  which  entered  to 
"  act  on  the  piston  would  cool  the  cylinder,  and  condense 
"  some  steam  on  again  filling  it.  I  therefore  proposed  to  pot 
"  an  air-tight  cover  upon  the  cylinder,  with  a  hole  and  stuffing- 
'^  box  for  the  piston-rod  to  slide  through,  and  to  admit  $bem 
"  above  the  piston  to  act  upon  it,  instead  of  the  atmosphere. 
"  The  piston-rod  sliding  through  a  stuffing-box  was  new  in 
"  steam-ehgines ;  it  was  not  necessary  in  Newcomen's  engine, 
"  as  the  mouth  of  the  cylinder  was  open,  and  the  piston-rod 
"  was  square  and  very  clumsy.  The  fitting  the  piston-rod 
"  to  the  piston  by  a  cone  was  an  after-improvement  of  mine^ 
"  (about  1774).  There  still  remained  another  source  of  the 
"  destruction  of  steam,  the  cooling  of  the  cylinder  by  the 
"  external  air,  which  would  produce  an  internal  condensatkm 
"  whenever  steam  entered  it,  and  which  would  be  repeated 
"  every  stroke ;  this  I  proposed  to  remedy  by  an  extenal 
**  cylinder,  containing  steam,  surrounded  by  another  of  wood, 
"  or  of  some  other  substance  which  would  conduct  heit 
*'  slowly. 

"  When  once  the  idea  of  the  separate  condensation  waa 
"  started,  all  these  improvements  followed  as  corollaries  in 
"  quick  succession,  so  that  in  the  course  of  one  or  two  days 
"  the  invention  was  thus  far  complete  in  my  mind,  and  I 
"  immediately  set  about  an  experiment  to  verily  it  practicallj. 
"  I  took  a  large  brass  syringe,  1 J  inches  diameter  and  10 
"  inches  long,  made  a  cover  and  bottom  to  it  of  tin-plate, 
"  with  a  pipe  to  convey  steam  to  both  ends  of  the  cylinder 
"  from  the  boiler ;  another  pipe  to  convey  steam  from  the 
"  upper  end  to  the  condenser  (for,  to  save  apparatus,  I  in- 
"  verted  the  cylinder) ;  I  drilled  a  hole  longitudinally  through 
"  the  axis  of  the  stem  of  the  piston,  and  fixed  a  valve  at  its 
"  lower  end,  to  permit  the  water,  which  was  produced  by  the 
"  condensed  steam  on  first  filling  the  cylinder,  to  issue.     The 
'^  condenser  used  upon  this  occasion  consisted  of  two  pipes  of 
**  thin  tin-plate,  ten  or  twelve  inches  long,  and  about  one-sixth 
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**  inch  diameter,  standing  perpendicular,  and  communicating 
**  at  top  with  a  short  horizontal  pipe  of  large  diameter,  having 
an  aperture  on  its  upper  side,  which  was  shut  by  a  valve 
opening  upwards.  These  pipes  were  joined  at  bottom  to 
anotlier  perpendicular  pipe  of  about  an  inch  diameter, 
**  which  served  for  the  air  and  water-pump ;  and  both  the 
"  condensing  pipes  and  the  air-pump  were  placed  in  a  small 
**  cistern  filled  with  cold  water.  This  construction  of  the  con- 
"  denser  was  employed  from  knowing  that  heat  penetrated 
"  thin  plates  of  metal  very  quickly,  and  considering  that  if 
no  injection  was  thrown  into  an  exhausted  vessel,  there 
would  be  only  the  water  of  which  the  steam  had  been  com- 
posed, and  the  air  which  entered  with  the  steam,  or  through 
"  the  leaks,  to  extract. 

"  The  steam-pipe  was  adjusted  to  a  small  boiler.  When 
"  steam  was  produced,  it  was  admitted  into  the  cylinder,  and 
"  soon  issued  through  the  perforation  of  the  rod,  and  at  the 
"  valve  of  the  condenser.  When  it  was  judged  that  the  air 
was  expelled,  the  steam-cock  was  shut,  and  the  air-pump 
piston-rod  was  drawn  up,  which  leaving  the  small  pipes  of 
"  the  condenser  in  a  state  of  vacuum,  the  steam  entered  them 
and  was  condensed.  The  piston  of  the  cylinder  immediately 
rose,  and  lifted  a  weight  of  about  18  lbs.,  which  was  hung 
"  to  the  lower  end  of  the  piston-rod.  The  exhaustion-cock 
was  shut,  the  steam  was  readmitted  into  the  cylinder,  and 
the  operation  was  repeated;  the  quantity  of  steam  con- 
sumed, and  the  weights  it  could  raise,  were  obser>^ed ;  and, 
"  excepting  the  non-application  of  the  steam-case  and  external 
"  covering,  the  invention  was  complete,  in  so  far  as  regarded 
"  the  savings  of  steam  and  fuel.  A  large  model,  with  an 
"  outer  cylinder  and  wooden  case,  was  immediately  con- 
"  structed,  and  the  experiments  made  with  it  served  to  verify 
"  the  expectations  I  had  formed,  and  to  place  the  advantage 
"  of  the  invention  beyond  the  reach  of  doubt.  It  was  found 
"  convenient  afterwards  to  change  the  pipe-condenser  for  an 
"  empty  vessel,  generally  of  a  cylindrical  form,  into  which  an 
"  injection  played,  and,  in  consequence  of  there  being  more 
"  water  and  air  to  extract,  to  enlarge  the  air-pump. 
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"  The  change  was  made  because,  in  order  to  procme  a 
<'  surface  sufficiently  extensive  to  condense  the  steam  of  a 
"  large  engine,  the  pipe-condenser  would  require  to  be  TeiT 
"  voluminous,  and  because  the  bad  water  with  which  enginei 
"  are  frequently  supplied  would  crust  over  the  thin  platei^ 
"  and  prevent  their  conveying  the  heat  sufBciently  quiA 
"  The  cylinders  were  also  placed  with  their  mouths  upwuda^ 
'^  and  furnished  with  a  working-beam,  and  other  apparates^ 
"  as  was  usual  in  the  ancient  engines ; — ^the  inyersion  of  the 
"  cylinder,  or  rather  of  the  piston-rod,  in  the  model,  being 
"  only  an  expedient  to  try  more  easily  the  new  inventioo, 
"  and  being  subject  to  many  objections  in  large  engines. 

"  In  1768  I  applied  for  letters  patent  for  my  'Methods of 
"  *  Lessening  the  Consumption  of  Steam,  and,  consequentlj, 
"  *  of  Fuel,  in  Fire-Engines,'  which  passed  the  seals  in 
"  January,  1769 ;  and  my  Specification  was  enrolled  in 
"  Chancery  in  April  following." 

Mr.  John  Hart,  an  ingenious  tradesman  of  Glasgow,  who 
was  a  native  of  Borrowstoness,  and,  together  with  his  brother 
Robert,  already  mentioned,  was  distinguished  by  a  piedilee- 
tion  for  the  practical  arts  connected  with  science,  has  rela^ 
that  Mr.  Watt  frequently  conversed  with  him  on  subjects  of 
mechanical  interest ;  and  that  being  asked  by  him,  in  1817, 
whether  he  recollected  how  the  first  idea  of  his  great  dis- 
covery came  into  his  mind,  he  replied,  "  O  yes,  perfectly. 
"  One  Sunday  afternoon  I  had  gone  to  take  a  walk  in  the 
"  Green  of  Glasgow,*  and  when  about  half  way  between  the 
"  Herd's  House  and  Arn's  Well,  my  thoughts  having  been 
"  naturally  turned  to  the  experiments  I  had  been  engaged  in 
"  for  saving  heat  in  the  cylinder,  at  that  part  of  the  road  the 
"  idea  occurred  to  me,  that,  as  steam  was  an  elastic  vapour,  it 
"  would  expand,  and  rush  into  a  previously  exliausted  space ; 
"  and  that,  if  I  were  to  produce  a  vacuum  in  a  separate  vessel, 
'^  and  open  a  communication   between  the   steam    in  the 


♦  **  The  large  open  meadow  wliich  "  for  the  inhabitants/* — Sir  W.Scott, 

'*  lies  on  the  northern  bank  of  the  Rob  Rov,  chap.  xxi.  Abbotsfoid  edi* 

**  Clyde,  and  serves    at    once  as  a  tion,  vol.  iii.  p.  165. 
'*  bleaching-field  and   pleasure- waUc 
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"  cylinder  and  the  exhausted  yessel,  such  would  be  the  con- 
"  sequence."  * 

Without  dwelling  on  the  particular  scenes  of  these  minute 
recollections,  which,  however,  may  in  future  interest  the  local 
topographer  and  antiquary,  we  do  not  fear  being  accused  of 
nndue  repetition  if  we  lay  before  the  reader  a  more  careful 
history,  also  given  by  Mr.  Watt,  of  the  origin  and  early  pro- 
gress of  his  inventions,  in  so  £Etr  as  they  were  specified  in 
relation  to  his  first  patent  This  interesting  document  was 
prepared  by  him  in  1796,  as  a  general  answer  to  the  objec- 
tions which  his  opponents,  in  the  litigation  already  referred 
to,  raised  to  the  specification.  Expressed  in  language  both 
precise  and  clear,  it  was  originally  intended  for  the  inform- 
ation of  counsel,  and,  through  them,  of  the  Court ;  and  was 
by  its  unassuming  author,  with  characteristic  simplicity, 
entitled-— 

A  Plain  Story. 

"  W.  found  that  a  well-made  brass  model  of  Newcomen's 

engine  consumed  quantities  of  steam  and  fuel  out  of  all 

reasonable  or  direct  proportion  with  larger  engines.     He 

"  consulted  Desaguliers'  *  Natural  Philosophy,'  and  Belidor's 

"  *  Architecture  Hydraulique,'  the  only  books  from  which  he 

"  could  hope  for  information.     He  found  that  both  of  them 

"  reasoned  learnedly,  but  by  no  means  satisfactorily;  and 

**  that  Desaguliers  had  committed  a  very  gross  arithmetical 

"  error  in  calculating  the  bidk  of  steam  from  the  water 

"  evaporated  in  a  conmion  steam-engine ;  which  being  recti- 

**  fied,  it  appeared  next  that  his  data,  or  assumed  facts,  were 

"  false.    By  a  simple  experiment,  W.  found  what  was  the  real 

"  bulk  of  water  converted  into  steam ;  and  from  his  friend 

^'  Dr.  Black  he  learned  what  was  the  heat  absorbed  and  ren- 

"  dered  latent  by  the  conversion  of  water  into  steam,  which 
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♦  From   a  MS.   notice   communi-  literary  society  he,  in  1832,  pTesented 

cated  by  the  late  Dr.  John  Smith,  of  the  *♦  Burgh  Becorda  of  the  City  of 

OUwgow,  lone  tiie  respected  Secre-  '*  Glasgow,  k.d.lxxu — m.d.lxxxi." 
tary  to  the  Maitland  Club ;  to  which 

a  2 


i 


84  LIFE  OF  WATT.  Chap.  TIL 

'^  the  Doctor  then  publicly  taught,  and  had  done  for  9am 
"  years.     Experiments  had  been  made  long  before  by  Dt 
"  Cullen,  Mr.  John  Robison,  and  others,   in  public  daae^ 
i^  which  proved  that  water,  when  placed   in   an  exhausted 
"  receiver,  boiled,  and  was  converted  into  steam  at  the  heit 
"  of  70°  or  80°  of  Fahrenheit's  thermometer,  while  it  w 
"  well  known  that  under  the  pressure  of  the  atmospheie  i 
"  required  212°  of  heat  to  make  it  boil,  and    emit  steu 
"  capable  of  displacing  the  air.     It  was  evident,  that,  undff 
"  intermediate  pressures,  intermediate  degrees  of  heat  wonU 
«  be  required  to  make  it  boil,  and  that  in  the  steam-engme 
"  more  or  less  cold  water  must  be  thrown  in  according  to  tb 
"  degree  of  exhaustion  which  might  be  required ;   or,  in  other 
"  words,  according  to  the  number  of  pounds  per  inch  the 
"  engine  was  loaded  to. 

"  Newcomen's  and  Savery's  engines  existed ;  the  latter 
"  were  in  general  laid  aside,  on  several  accounts,  but  the 
"  principal  one  seems  to  have  been  that  the  cold  water,  the 
"  raising  of  which  formed  the  effect  of  the  engine,  entered 
"  the  steam-vessel  itself,  which  in  general  was  not  a  cylinder, 
"  but  was  of  an  oval  or  egg  form ;  and,  by  cooling  it, 
"  destroyed  a  great  quantity  of  steam  when  it  came  next  to 
"  be  filled,  which  Desaguliers  expressly  notices.  This  engine, 
"  however,  had  an  injection  of  cold  water,  to  commence  the 
"  condensation  of  steam,  and  Savery  seems  to  have  been  the 
"  inventor  of  that  valuable  article ;  *  but  he  also  seems  in 
"  some  cases  to  have  condensed  the  steam  by  pouring  coU 
"  water  on  the  outside  of  his  copper  steam-vessel. 

"  In  Newcomen's  engine  the  steam-vessel  was  a  cylinder, 
"  or  so  meant  to  be.  A  piston  was  suspended,  moveable  in 
"  that  cylinder;  this  piston  hung  by  chains  to  the  arch  of» 
"  strong  double-ended  lever  like  a  scale-beam,  to  the  other 
"  end  of  which  the  rods  which  wrought  the  pumps  were  so*- 
"  pended  in  the  like  manner.  The  steam  was  admitted  from 
"  a  covered  boiler,  through  a  pipe,  into  the  cylinder  below 
**  the  piston ;  the  air  was  blown  out  by  the  steam  at  a  pipe 

*  Ascribed,  however,  by  Desaguliers,  Yol.  ii.  p.  533,  to  Kewcomen  and 
Cawley. 
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near  the  bottom  of  the  cylinder,  called  the  snift.  The 
passage  &om  the  boiler  was  shut ;  cold  water  was  spouted 
or  injected  into  the  cylinder  from  a  cistern  placed  higher ; 
"  the  steam  was  thus  condensed  or  rendered  less  elastic,  the 
**  other  end  or  mouth  of  the  cylinder  being  open ;  the 
^  pressure  of  the  atmosphere,  not  being  resisted  by  an  equally 
**  elastic  fluid  within,  or  under  the  piston,  weighed  upon  the 
**  latter  and  caused  it  to  descend,  which,  by  means  of  the 
^  lever,  drew  up  the  pump-rods  and  raised  the  water.  The 
injection-cock  or  valve  was  then  shut,  the  steam-regulator 
or  valve  was  opened,  steam  was  readmitted,  the  equilibrium 
of  pressure  upon  the  upper  and  under  sides  of  the  piston 
was  restored,  and  the  superior  weight  of  the  pump-rods,  by 
means  of  the  great  lever  or  working  beam,  drew  the  piston 
to  the  top  of  the  cylinder,  and  the  operation  recommenced. 
When  the  piston  was  at  the  bottom  of  the  cylinder,  the  air 
**  which  entered  with  the  steam  and  with  the  injection  water 
**  was  blown  out  at  the  snift,  and  the  hot  water  left  in  the 
**  cylinder  was  expelled  through  another  pipe,  called  the 
**  eductionrpipe,  which  proceeded  from  the  bottom  of  the 
**  cylinder,  several  feet  downwards,  and  its  lower  end  stood  in 
**  a  cistern  of  water,  and  was  furnished  with  a  valve  to  pre- 
*^  vent  regress. 

"  The  steam-valve  and  the  injection-cock  were-'bpened  and  j  .'^^^ 
"  shut  by  certain  mechanism  called  working  gear,  which  was  I '    u^ 
put  in  motion  by  means  of  pegs  in  a  piece  of  wood  which  Jrv^ 
was  hung  to  and  moved  with  the  working  beam,  and  was  Ijjj^^ 
called  the  plug-tree.  -iC^^, 

"  In  order  to  supply  the  engine  with  cold  water,  it  wrought '/  I  i 
a  pump  called  a  jack-head  pump,  which  was  shut  at  top  by  ^  ■"» 
"  an  iron  cover,  and  its  pump-rod  wrought  through  a  coUar 
of  oakum,  which  permitted  the  rod  to  slide  up  and  down, 
while  it  precluded  the  exit  of  the  water,  which  was  raised 
"  to  a  greater  height  through  a  side  branch  turned  upwards. 

"  Thus  the  latent  heat  of  steam  was  discovered  and  pub- 
"  lished  by  Dr.  Black ;  the  boiling  of  water  in  vacuo,  at  low 
'*  degrees  of  heat,  was  discovered  and  published  by  Dr.  Cul- 
"  len,  Mr.  Bobison,  and  several  others. 
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^*  The  elastic  powers  of  steam  were  known  to  Hero  of 
**  Alexandria,  and  to  many  ancient  writers.  The  steaiih 
"  engine  was  invented  by  the  Marquis  of  Worceater,  Saveiy, 
"  Papin,  and  Newcomen. 

*^  The  means  of  confining  steam,  and  the  making  yalTei^ 
**  cocks,  and  regulators,  were  known  to  cdl  of  tiiem.  Pomps 
^'  for  drawing  both  air  and  water  out  of  vessels  or  reseivoiif 
"  were  well  known  to  everybody.  An  air-pump^  with  a 
"  piston-rod  moving  through  a  collar,  was  invented  and  pob* 
"  lished  by  Mr.  Smeaton ;  and  the  same  method,  even  b^ore 
^^  him,  was  commonly  used  in  the  jack-head  pumps  of  comsioB 
^*  steam-engines,  and  in  other  machines ;  (this  relates  to  the 
"  piston-rod  of  the  cylinder ;  for,  in  respect  to  the  air-pomji^ 
"  it  is  not  necessary,  though  convenient,  that  it  be  shut  al 
"  top). 

"  A  cylinder  and  moveable  piston  were  used  in  New- 
**  comen's  engine ;  so  were  the  working  beam  and  working 
"  gear,  or  machinery  for  opening  and  shutting  the  valves  Aod 
"  cocks. 

"  The  steam  was  condensed  by  a  spout  of  cold  water  in 
"  Savery's  and  in  Newcomen's  engines ;  and,  as  it  is  said  in 
"  Desaguliers,  cold  water  was  poured  on  the  outside  of  the 
"  steam-vessels  for  the  same  purpose.  Everybody  knew  that 
"  cold  bodies  of  all  kinds  condensed  steam  when  they  came 
"  in  contact  with  it  There  were  pipes  in  all  those  engines 
"  which  admitted  the  steam  from  the  boiler,  and  cockB  or 
"  valves  which  shut  it  out  from  that  vessel ;  and  in  New- 
"  comen's  engine  there  was  a  pipe  which  conveyed  away  the 
"  hot  water,  and  a  valve  which  prevented  its  regresa 

"  The  diameters  of  those  pipes,  which  admitted  the  steam 
"  and  let  out  the  injection-water,  had  been  ascertained  sufr 
"  ciently  near.  The  size  and  form  of  boilers,  which  answered 
"  suflSciently  well,  had  also  been  ascertained. 

"  Of  all  those  things.  Watt  must  say,  *  Nan  ea  nostra  voeo! 
^  The  things  that  are  his  remain  to  be  told. 

"  He  foimd,  by  the  application  of  the  knowledge  which  hts 
"  been  mentioned,  that  the  cause  of  tlie  great  consumption  of 
"  fuel  was,  that  the  cylinder  being  cooled  by  the  injection- 
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**  water,  that  vessel  must  condense  a  large  quantity  of  steam 
**  whenever  it  was  attempted  to  be  again  filled  with  steam ; 
**  that  the  vacuum  could  not  approach  to  perfection  without 
**  the  steam  was  cooled  below  100^ ;  and  that  such  cooling 
"  would  increase  the  evil  complained  of  in  a  fourfold  or 
**  greater  ratio,  because  the  penetration  of  the  heat  or  cold 
"  into  the  cylinder  would  be  as  the  squares  of  the  differences 
**  of  the  heats  between  that  vessel  and  the  steam.  How  was 
"  this  to  be  avoided  ? 

"  He  tried  to  make  the  cylinders  of  wood  or  other  materials 
"  which  conduct  heat  slowly,  but  he  could  not  prevent  the 
**  steam  from  coming  into  contact  with  the  comparatively 
'*  cold  water  which  remained  in  the  bottom  of  the  cylinder, 
*^  and  which  must  be  expelled  by  the  steam ;  besides,  his 
"  wooden  cylinders  did  not  seem  likely  to  be  of  long  duration. 
**  In  such-like  experiments  he  spent  much  time,  and  more 
money  than  was  suitable  to  his  circumstances,  yet  he  made 
no  advances  towards  a  beneficial  discovery.  But  the  matter 
having  got  firm  hold  of  his  mind,  and  his  circumstances 
obliging  him  to  make  exertions  to  regain  what  he  had  spent, 
he  turned  the  matter  over  in  every  8hax)e,  and  laid  it  down 
as  an  axiom, — that  to  make  a  perfect  steam-engine  ^  it  was 
**  necessary  that  the  cylinder  should  be  always  as  hot  as  the 
*^  steam  which  entered  itj  and  that  the  steam  should  be  cooled 
"  daunt  below  1 00°  in  order  to  exert  its  fuU  powers.  The  gain 
by  such  construction  would  be  double: — first,  no  steam 
would  be  condensed  on  entering  the  cylinder ;  and  secondly, 
the  power  exerted  would  be  greater  as  the  steam  was  more 
cooled.  The  postidata,  however,  seemed  to  him  incom- 
patible, and  he  continued  to  grope  in  the  dark,  misled  by 
many  an  ignis  fatuus,  till  he  considered  that  stectm  being 
*'  an  elastic  fluid,  it  must  follow  the  law  of  its  kind ;  and 
"  that  if  there  were  two  vessels,  A  and  B,  of  equal  or  other 
^*  dimensions,  the  one,  A,  filled  with  steam,  and  the  other,  B, 
^^  exhausted,  if  a  communication  were  opened  between  those 
^^  vessels,  the  steam  would  rush  from  the  full  one  into  the 
"  empty  one,  and  they  would  both  remain  half  exhausted,  (if 
"  the  vessels  were  equal  in  size),  or  be  filled  with  steam  of 
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^^  half  the  density.  If,  then,  into  the  second  yeasel,  B^  ii 
"  injection  of  cold  water  were  made,  or  cold  water  applied  to 
'^  its  outside  in  sufficient  quantity,  the  portion  of  steam  irtiA 
^'  it  contained  would  be  condensed  or  reduced  to  water;  ani 
^'  by  the  same  law  of  nature  that  had  operated  before,  mat 
'^  steam  would  issue  from  A  into  B  until  the  whole  was  oon- 
^'  densed,  and  nearly  a  perfect  yacuum  established  in  hcA 
**  vessels ;  yet  as  the  cold  water  had  not  entered  or  touched 
"  A,  that  vessel  would  still  retain  its  heat. 

"This  idea  once  started,  the  rest  immediately  oocunei 
"  The  vessel  A  being  supposed  to  be  the  cylinder,  B  wonU 
"  be  the  vessel  called  now  the  condenser ;  the  water,  air,  4c, 
"  accumulated  in  B,  he  immediately  saw  could  be  discharged 
"  or  drawn  out  by  means  of  a  pump,  or  the  water  might  be 
"  let  run  out  by  a  pipe  more  than  34  feet  long  going  doira- 
wards,  and  the  air  might  in  that  case  be  expelled  at  a  valre 
by  filling  B  with  water,  provided  the  descending  eductioih 
pipe  were  shut  meanwhile.  On  the  whole,  however,  he 
preferred  the  pump.  Another  difficulty  appeared,  whid 
"  was  the  making  the  piston  tight  That  could  not  be  done 
"  with  water,  as  in  Newcomen's  engines ;  for  that  might  get 
"  in  and  evaporate,  and  produce  steam.  He  therefore  thongfat 
"  of  wax,  oil,  and  similar  substances,  as  substitutes,  knowing 
"  that  they  would  not  evaporate  in  the  heat  of  boiling  water; 
"  and,  for  greater  security,  he  proposed  to  employ  the  steam 
"  itself  as  the  acting  power  on  the  piston. 

"  The  diameters  of  the  pipes  necessary  to  convey  the  steam 
"  into  and  out  of  the  cylinder,  he  regulated  from  ^ose  in  use. 
The  size  of  the  condenser  he  assumed  at  random,  as  he  did 
that  of  the  air  pump,  which  it  was  evident  must  be  larger 
than  was  necessary  to  conttdn  the  water  and  probable  quan- 
tity of  air.  All  tliis  passed  in  his  mind  in  the  course  of  a 
few  hours ;  and  in  a  few  days  he  had  a  model  at  work,  with 
**  an  inverted  cylinder,  which  answered  his  expectations,  and 
"  was,  as  far  as  he  remembers,  equal  in  its  properties  of 
**  saving  steam  and  fiiel  to  any  he  has  made  since,  though 
"  in  point  of  mechanism  much  inferior.     Very  simple  coda 
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^  were  employed  as  regulators  or  steam-valyes,  and  his  air- 
*•  pnmp  and  condenser  were  of  tin-plate.  His  cylinder,  how- 
**  ever,  was  good,  and  of  brass,  [about]  2  inches  diameter  and 
a  foot  long ;  the  cocks  were  turned  by  hand  instead  of  being 
**  wrought  by  the  engine. 

If  Mr.  W.  is  thought  worthy  of  credit  in  this  matter,  and 
the  facts  are  consequently  allowed,  where  was  the  mighty 
diflSculty  of  putting  the  invention  in  execution  from  still 
•*  fewer  data  than  he  has  set  forth  in  his  specification  ?    He 
is  not  so  presumptuous  as  to  think  that  there  were  not,  and 
**  are  not,  numbers  of  mechanics  in  this  nation,  who,  from  the 
same  or  even  fewer  hints,  would  have  completed  a  better 
engine  than  he  did.     Mr.  Bramah  has  proved*  that  he 
**  could,  and  W.  is  inclined  to  believe  him.     But  W.  does  not 
pretend  that  any  body  could  have  done  it  without  thinking 
upon  it^  nor  without  much  previous  knowledge  and  some 
experience  of  similar  things. 
"Had  W.  been  content  with  the  mechanism  of  steam- 
"  engines  as  they  then  stood,  his  machine  might  soon  have 
been  brought  before  the  public;    but  his  mind  ran  upon 
making  engines  cheap  as  well  as  good^  and  he  had  a  great 
**  hankering  after  inverted  cylinders  and  other  modifications 
"  of  his  invention,  which  his  want  of  experience  in  the  prac- 
"  tice  of  mechanics  in  great,  flattered  him  would  prove  more 
*^  commodious  than  his  matured  experience  has  shown  them 
"  to  be.     He  tried,  therefore,  too  many  fruitless  experiments 
"  on  such  variations.     He  wanted  experience  in  the  construc- 
tion of  large  machines ;  that  he  endeavoured  to  acquire ; 
but  experimental  knowledge  is  of  slow  growth,  and  with  all 
his  ingenuity,  so  much  boasted  to  his  prejudicCy  he  was  con- 
cerned in  making  some  very  indifferent  common  engines. 
"  Other  avocations,  to  him  necessary,  obb'ged  him  to  turn  his 
"  attention  from  the  subject  till  he  obtained  the  patent,  so 
"  that  at  that  time  he  had  made  no  advances  in  the  improve- 
**  ment  of  the  mechanism.    He  therefore  thought  it  proper 
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**  to  specify  only  what  was  his  inventioii,  and  to  lea?e  uj 
**  mechanical  improyements  he  might  make,  to  be  secured  bf 
"  other  patents,  if  worthy  of  them. 

''  His  idea,  then,  was  to  apply  his  invention  to  tiie  steiB- 
^'  engines  as  they  existed.   For  this  purpose  there  was  noduDg 
**  else  necessary  than  to  shut  up  the  snift,  to  apply  a  regditar 
**  or  yalve  to  the  opening  of  the  eduction-pipe  within  ik 
**  cylinder,  an  air-pump  to  the  outer  end  of  that  pipe,  and  to 
'*  inject  into  the  upper  end  of  the  eduction-pipe.     I(  at  Ae 
^'  same  time,  the  cylinder  was  defended  fix)m  the  oold  i 
''  the  atmosphere,  the  engine  would  thus  be  complete,  if  the 
"  weight  of  the  atmosphere  were  to  be  employed  as  tta 
**  acting  power ;  for  all  the  regulators  could  be  easily  openel 
''  and  shut  by  the  then  existing  contrivances,  and  the  an" 
**  pump  rod  could  be  suspended  fix)m  the  working  beam. 
"Ifi  however,  the  engine  was  wanted  to  receive  all  the 
advantages  of  the  invention,  the  cylinder  was  to  be  placed 
in  a  case  containing  steam,  with  access  for  that  fluid  to  the 
'^  upper  side  of  the  piston,  so  that  it  might  act  upon  it  as  the 
'^  atmosphere  acted  in  common  engines,  or  in  the  case  joA 
^*  stated.    And  in  this  latter  manner  were  the  engines  made 
'^  which  he  constructed  in  the  beginning  of  the  business ;  that 
^'  is  to  say,  the  cylinders  were  fixed  in  a  ease   containing 
"  steam,  with  which  fluid  they  were  wholly  surrounded ;  and, 
'^  their  mouths  being  open  within  the  case,  the  steam  had 
'^  always  access  to  the  upper  side  of  the  piston,  and  iras 
"  admitted  to  the  part  below  the  piston  only  when  the  piston 
"  was  rising.     The  opening  from  the  cylinder  into  the  educ- 
**  tion-pipe  was  shut  by  a  valve  while  the  piston  was  rising 
"  but  when  it  was  required  to  descend,  the  valve  was  opened. 
"  Those  valves  were  of  the  sliding  kind  used  in  Newcomen*s 
*^  engines.     The  injection  was  made  into  the  eduction-pipe; 
'*  and  the  air-pumps,  which  drew  out  the  water  as  well  as  the 
'^  cdr,  were  fixed  to  the  bottom  of  the  eduction-pipe,  which 
**  had  a  valve  to  prevent  regress  as  usual     There  was  some- 
"  times  one  pump,  and  sometimes  there  were  two  or  three,  as 
"  circumstances  or  the  fancy  of  the  moment  directed.     The 
"  working  beams  and  working  gear  were  made  in  the  usual 
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"  maimer,  or  nearly  so;  and  in  cases  where  there  were  boilers 
"  fixed  for  the  common  engine,  which  was  superseded,  they 
"  were  used  without  alteration. 

"  These  engines,  then,  differed  in  nothing  from  the  ancient 
"  ones,  except  in  the  application  of  W.'s  principles  as  set  forth 
in  his  specification. 

"It  was  found  that  the  external  cylinder,  or  steam-case, 
was  very  expensive.  The  method  of  covering  the  cylinder 
"  itielf  with  a  lid  or  cover,  (which  had  been  used  in  some  of 
"  the  models),  and  conveying  the  steam  to  the  lower  end  of 
"  the  cylinder  by  a  pipe,  was  adopted,  and  a  less  expensive 
method  of  applying  the  envelope  of  steam  was  used.  Other 
kinds  of  regulators  were  invented,  and  the  whole  mechanism 
of  the  engine  was  gradually  improved,  and  these  improve- 
"  ments  have  been  progressive  for  the  last  twenty-one  years. 
"  Some  of  them  W.  has  secured  by  other  patents,  but  many 
^  of  the  most  essential  he  has  left  free,  and  by  means  of  them 
"  Newcomen's  engines  have  been  improved  to  his  loss. 

"  It  ¥rill  now,  it  is  hoped,  appear  to  the  candid  that  W.  has 
"  not  wilfully  concealed  his  invention  by  a  false  specification, 
"  but  has  set  forth  the  nature  of  the  same,  and  the  means  of 
**  performing  it.  He  has  told  what  he  had  invented ;  and  it 
"  could  not  have  been  expected  tliat  he  should  have  described 
"  mechanism  already  known  to  all  practitioners,  or  not  then 
"  invented. 

"  W.'s  invention  is  merely  a  contrivance  to  prevent  cooling 
^  the  cylinder,  and  to  make  the  vacuum  more  perfect  by  conn 
**  densmg  the  steam  in  a  vessel  distinct  from  the  cylinder  itself ; 
this  is  the  nature  of  the  invention.  The  means  of  keeping 
the  cylinder  warm, — the  substitution  of  the  powers  of  steam 
"  for  those  <rf  the  atmosphere, — of  grease,  &c.,  in  place  of 
**  water  to  keep  the  piston  tight,—  and  the  drawing  out  the 
*'  air,  &c.,  by  means  of  pumps,  €u^  merely  aids  in  performing 
*'  the  principal  object.  This  ought  to  be  kept  in  view  in 
*'  judging  of  the  specification ;  also  that  W.  supposed  it  to  be 
^  addressed  to  mechanics  and  philosophers,  and  not  to  the 
**  ignorant" 
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CHAPTER  VIII. 

DB.  black's  and  PBOFE880B  B0BT80N*B  ACCOUNT  OF  MB.  WATT^B  IXTIO- 
DUCTION  TO  DB.  BOEBUCK  —  ENTIBE  OBIGINALITY  OF  MB.  WATT'i  Th 
VBNTION  —  CONFIBMED  BY  DB.  BOEBUCK  —  WILCKE's  AIB-FUMP  ACTB8 
BY  THE  CONDENSATION  OF  6TEAM  —  SUBSEQUENT  TO  MB.  WATT'B  D- 
VENTION   OF  THE   SEPABATE  CONDENSEB  —  HUMPHBY   OAIKSBOBOUQfl. 

With  regard  to  the  model  of  Newcomen's  engine  belongmg 
to  the  College  of  Glasgow,  and  which  has  attained  so  great  a 
celebrity  by  the  results  which  it  was  instrumental  in  pro- 
ducing, we  find  two  entries  in  the  records  of  that  University; 
the  first  is  as  follows : — "  University  meeting,  25th  June, 
"  1760.  Mr.  Anderson  is  allowed  to  lay  out  a  sum,  not  ex- 
"  ceeding  two  pounds  sterling,  to  recover  the  steam-engiDe 
"  from  Mr.  Sisson,*  instrument-maker  at  London." 

Mr.  John  Anderson  in  1757  succeeded  Dr.  Dick  as  Pro- 
fessor of  Natural  Philosophy  in  the  College ;  he  filled  that 
chair  for  the  long  period  of  thirty-nine  years,  and  was  the 
founder  of  the  Andersonian  Institution  in  Glasgow,  which  he 
designed  ''  for  Lectures  in  Natural  Philosophy,  and  in  eveiy 
"  branch  of  knowledge ;"  and  which  was  endowed  by  him  irith 
valuable  philosophical  apparatus,  a  museum,  and  library. 
We  have  already  seen  from  the  account  given  by  Dr.  BoK- 
son,  that  Mr.  Anderson,  although  "  much  more  popular  "  than 
his  predecessor,  was  considered  to  have  "  infinitely  less  know- 
"  ledge ;"  a  circumstance  which  may  perhaps  account  for  the 
nearly  total  oblivion  of  his  name  in  any  of  the  records  con- 
nected with  the  life  of  Watt     But  it  appears  that  he  was  a 


*  Of  this  BkilAil  artificer  the  learned  <*rendit  mobile.      Biflson    Bontmt  a 

M.   Delambre   writes  : — '*  Sisson  fit  "  cet   ^gard    rhonncnr    ei   la   vrf- 

"le  quart  de  corclc  do  Greenwich,  **  hninenee   de    rAnffleterre." — ue- 

**  un  autre  pour  I'Observatoiro  par-  lumbre,    *  Histoiro    de  rAstronomie 

**  ticulier  du  Hoi  d'Anglcterre,  et  le  '  au    dixhuiti6mc    Sidcle/     p.    237. 

"  quart   de    ccrcle    que    Lemonnicr  1827. 
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jiatiYe  of  Greenock,  and  brother  of  one  of  Mr.  Watt's  school- 
companions,  and,  having  been  Professor  of  Hebrew  from  1754 
to  1757,  he  doubtless  aided  in  that  act  of  kindly  patronage 
by  which  Mr.  Watt  was,  at  a  critical  period  of  his  life,  pro- 
tected and  encouraged     His  employment  of  the  young  arti- 
san to  repair  the  little  machine  which  suggested  a  train  of 
thought  leading  to  the  greatest  inventions  of  modem  days, 
certainly  gives  Mr.  Anderson  a  fiirther  claim,  even  if  it  be 
but  an  accidental  one,  to  have  his  name  associated  with  the 
"  natural  philosophy "  of  the  steam-engine  and  of  Glasgow 
College. 

The  model,  (as  will  presently  appear),  never  having  worked 
well,  the  reason  of  it  being  sent  to  London  had  probably  been 
a  vain  endeavour  to  have  its  faulty  construction  amended. 
WTiether  Mr.  Watt  had  seen  it,  during  his  stay  there,  in  tlie 
workshop  of  Sisson,  or  how  far  he  may  have  advised  it  being 
brought  back  to  Glasgow,  as  a  subject  for  further  considera- 
tion and  study,  we  know  not.  But  the  next  entry  concerning 
it>  in  the  same  records,  appears  to  be  this: — "University 
"  meeting,  10th  June,  1766.  An  account  was  given  in  by 
**  Mr.  James  Watt  for  repairing  and  altering  the  steam- 
engine,  with  copper  pipes  and  cisterns,  amounting  to  5^.  11«. 
The  said  machine  being  the  property  of  the  College,  and 
having  been  in  such  a  situation  that  it  did  not  answer  the 
^*  end  for  which  it  was  made,  the  Principal  is  appointed  to 
grant  a  precept  for  payment  of  the  said  account,  which  is 
to  be  stated  upon  the  fimd  for  buying  instruments  to  the 
College."  * 

This,  it  will  be  remembered,  was  after  the  idea  of  the  sepa- 
rate condenser  had  "  occurred,"  which  was  "  early  in  1765  ;'* 
and  by  the  repairs  and  alterations  of  the  "  copper  pipes  and 
"  cisterns  "  of  the  machine,  its  fault  of  not  anstvering  the  end 
far  which  it  was  made, — (one  grievous  enough,  no  doubt,  but 


*  For  these  extracts  from  the  Uni-  once  occupied  by  a  Hatcheson,  an 

yersity  Records  we  are  indebted  to  Adam  South,  and  a  Reid.    See  also 

the  Idndness  of  a  learned  friend,  the  *  Deeds    instituting    Bursaries,   &c.. 

Bey.  Dr.  WiUiam  Fleming;   whose  «in  the  CoUege   and  Uniyersity  of 

high  academic  praise  it  is,  that  he  '  Glasgow,'  p.  215, 1850. 
ably  and  eloquently  fills  the  Ghair 
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appertaining  to  many  other  maclunes,  both  animate  and 
inanimate,  in  common  with  it), — ^had  in  all  probability  been 
effectually  corrected.  That  interesting  little  model,  as  altered 
by  the  hand  of  Watt,  and  preserved  in  all  safety  and  honour 
within  the  precincts  of  its  ancient  birth-place,  had  been  appro- 
priately placed  beside  the  noble  statue  of  the  Engineer,  in  the 
Hunterian  Museum ; — a  sacred  relic  worthy  of  such  a  shrine, 
and  there  visited  by  many  a  worshipping  pilgrim.  Such  had 
been,  of  late  years,  the  felicitous  arrangement  But  on  re- 
risiting  the  College  of  Glasgow  in  January,  1854,  "  one  mom 
"  we  miss'd  "  the  model  from  its  apposite  home.  On  inquiry, 
we  found  that  it  had  been  placed  among  the  apparatus 
attached  to  the  Natural  Philosophy  Lecture-room,  where,  it 
was  alleged,  it  had  dwelt  nearly  a  century  ago.  As  the 
model,  however,  belongs  to  "  the  College,"  we  hope  that  this 
seclusion,  so  disappointing  to  the  public  eye,  may  be  only 
temporary ;  and  that  what  might  now  be  fairly  said  to  be 
"  meant  for  mankind,"  may  not  permanently  be  imprisoned 
where  it  can  be  open  to  the  inspection  of  comparatively  only 
a  few. 

None  of  the  diflferent  accounts  which  thus  remain  to  us  of 
the  date  of  this,  Mr.  Watt's  greatest  invention,  fix  the  precise 
day  on  which,  to  use  Dr.  Black's  happy  expression,  "this 
"  capital  improvement  flashed  on  his  mind  at  once,  and  filled 
"  it  with  rapture."  According  to  Robison's  recollection, 
thirty-one  years  afterwards,  it  was  somewhere  about  1765. 
Dr.  Black,  vmting  after  the  same  interval  of  time,  states  it  as 
having  been  "  in  the  beginning  of  the  year  1765."  Mr.  Watt 
himself,  in  his  notes  on  Robison,  says  "  early  in  1765 ;"  and 
the  nearest  approximation  that  mb  can  make,  from  other 
documentary  evidence,  to  any  more  precise  date,  is,  that  it 
must  have  been  previous  to  the  29th  of  April  in  that  year,  aa 
on  that  day  Mr.  Watt  writes  to  his  friend  Dr.  Lind,  "  I  have 
"  now  almost  a  certainty  of  the  facturum  of  the  fire-engine, 
"  having  determined  the  following  particulars :  the  quantity 
"  of  steam  produced ;  the  ultimatum  of  the  lever  engine  ;  the 
"  quantity  of  steam  destroyed  by  the  cold  of  its  cylinder ;  the 
**  quantity  destroyed  in  mine :  and  if  there  is  not  some  devil 
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.  *  in  tlie  hedge,  mine  ought  to  raise  water  to  44  feet  with  the 

t  ^  flame  quantity  of  steam  that  theirs  does  to  32,  (supposing 

<  "  my  cylinder  as  thick  as  theirs),  which  I  think  I  can  demon- 

r  **  strate.    I  can  now  make  a  cylinder  of  2  feet  diameter  and 

^  3  feet  high  only  a  40th  of  an  inch  thick,  and  strong  enough 

.  ^  to  resist  the  atmosphere ;  sed  tace.    In  short,  I  can  think  of 

^  nothing  else  but  this  machine.    I  hope  to  have  the  decisive 

**  trial  before  I  see  yoiL    Write  me  to-morrow  what  you  are 

^  about,  and  if  any  part  of  what  you  have  to  tell  me  concerns 

« the  fire-engine." 

"  His  mind,"  says  Dr.  Black,  "  became  now  very  much 
^  employed  in  contriving  the  machinery  by  which  this  im- 
"  provement  might  be  reduced  to  practice ;  and  he  soon 
**  planned  it  to  such  a  degree,  that  he  thought  he  was  ready 
**  to  make  an  experiment  on  a  large  scala  But  here  he  was 
**  stopped  by  the  want  of  funds ;  and  he  found  it  necessary  to 
**  associate  himself  with  some  person  who  had  money  and 
^  spirit  for  such  an  undertaking,  and  to  participate  with  him 
**  the  advantages  which  might  be  derived  from  this  invention. 
•*  He  addressed  himself  to  the  late  Dr.  Koebuck,  whose  spirit 
**  for  enterprise  and  improvement  in  arts  was  very  well 
"  known,  and  the  Doctor  accordingly  received  with  zeal  the 
**  opportunity  offered  to  him.  A  small  engine  was  soon  built 
<^  in  one  of  the  offices  of  Kinneil  House,  near  Borrowstoness, 
^  where  various  trials  were  made,  and  some  difficulties  sur- 
**  mounted,  so  as  to  give  satisfaction. 

**  I  must  add  that  I  was  as  much  upon  a  footing  of  inti- 
**  mate  friendship  with  Dr.  Eoebuck  as  with  Mr.  Watt  The 
'^  Doctor,  too,  had  no  small  degree  of  mechanical  knowledge 
*^  and  ingenuity ;  and  was  well  qualified  to  perceive  and 
**  value  the  talents  of  Mr.  Watt.  He  had  also  much  experi- 
'^  ence  of  the  use  of  common  stecun-engines,  which  he  em* 
^*  ployed  in  working  his  colliery.  He  was  withal  ardent  and 
**  sanguine  in  the  pursuit  of  his  undertakings,  and  was  there- 
**  fore  a  fortunate  associate  for  Mr.  Watt.  Mr.  Watt  was  a 
^  valetudinarian,  more  or  less,  ever  since  I  knew  him ;  and 
^*  his  mind  was  liable  to  be  too  much  depressed  by  little  cross 
^  accidents,  or  by  the  necessity  of  a  greater  expense  than  he 
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*'  had  foreseen ;  whereas  the  Doctor  was  undaunted  oa  sock 
'^  occasions,  and  roused  Mr.  Watt  to  disregard  expense,  ui 
'*  to  double  his  exertions,  until  the  difficulty  was  overoomeL 
'^  But  Mr.  Watt  was  the  sole  inventor  of  the  capital  improf»> 
*'  ment  and  contriyance  above  mentioned.  I  remember  veij 
^  well  that  it  cost  me  several  reasonings  and  conversaticHis  to 
"  inform  the  Doctor  folly  of  the  nature  of  steam,  of  the  greit 
"  quantity  of  heat,  and,  consequently,  of  fuel,  necessaiy  to 
"  produce  it,  and  of  the  importance,  therefore,  of  preventing 
"  the  waste  of  it." 

"  I  was  very  unfortunate,"  says  Bobison,  "  in  two  visits  I 
"  made  to  Glasgow  during  that  summer ;  Mr.  Watt  being 
"  from  home,  once  at  Greenock,  seeing  his  father,  who  w« 
"  ill,  and  the  other  time  on  a  survey  for  a  canal.  When  I 
"  came  to  town  for  the  winter,  I  found  that  Mr.  Watt  wii 
'^  again  from  home,  and  that  he  was  deeply  engaged  with  his 
*^  engine.  His  situation  in  life  made  it  imprudent  to  engage 
*^  in  great  expenses,  and  he  was  obliged  to  look  out  for  an 
"  associate.  Most  fortunately  there  was  in  the  neighbourhood 
"  such  a  person  as  he  wished, — ^Dr.  Roebuck,  a  gentteman  of 
"  very  uncommon  knowledge  in  all  the  branches  of  civil 
engineering,  familiarly  acquainted  with  the  steam-engine^ 
of  which  he  employed  several  on  his  collieries,  and  deeply 
"  interested  in  this  improvement  He  was  also  well  accos- 
"  tomed  to  great  enterprises,  of  an  undaunted  spirit^  not 
"  scared  by  diflSculties,  nor  a  niggard  of  expense.  Such  t 
"  man  was  indispensably  necessary  to  one  of  Mr.  Watt's 
"  character ; — modest,  timid,  easily  frightened  by  rubs  and 
^*  misgivings,  and  too  apt  to  despond.  I  do  not  know  who 
**  pointed  him  out  to  Mr.  Watt.  He  was  well  acquainted 
"  with  Mr.  Watt's  talents,  and  admired  them.  I  believe  tiie 
"  connection  was  very  soon  formed.  Dr.  Black  and  all  Mr. 
"  Watt's  friends  were  happy  at  seeing  so  fair  a  commence- 
*^  ment  At  this  time  I  had  not  the  pleasure  of  being  known 
«  to  Dr.  Eoebuck."  *  *  *  « I  believe  that  Dr.  Black  was 
*«  the  chief  means  of  forming  the  connection  between  Mr, 
**  Watt  and  Dr.  Boebuck ;  and  I  recollect  most  distinctly 
^  his  saying  to  me,  that  Watt  would  have  some  difficulty  in 
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**  managing  Dr.  Boebuck,  who  at  that  time  had  not  become 
**  a  complete  convert  to  the  doctrine  of  latent  heat  Accord- 
**  ingly,  it  was  so ;  and  Mr.  Watt  was  obh'ged  to  yield  for 
**  some  time  to  the  Doctor's  confidence  in  his  own  great 
experience.  The  Doctor  thought  to  produce  the  condensa- 
tion, with  sufficient  rapidity  and  accuracy,  by  a  very  exten- 
sive surface;  and  Mr.  Watt  knew  that  it  also  required 
a  great  quantity  of  water,  or  other  matter,  to  receive  the 
emerging  heat.  I  know  that  these  differences  of  opinion 
"  retarded  the  completion  of  the  engine. 

"  But  Dr.  Roebuck  had  too  much  judgment  not  to  see  the 
"  conclusiveness  of  the  experiments  by  which  the  doctrine  of 
"  latent  heat  is  established,  and  not  to  yield  to  their  force ; 
"  and  everything  went  on  at  last  to  their  mutual  satisfaction. 
"  Dr.  Eoebuck  knew  Mr.  Watt's  talents,  and  most  liberally 
**  praised  them.  His  timidity,  his  disposition  to  despond 
"  when  under  unforeseen  difficulties,  and  his  painful  anxiety 
"  and  diffidence  in  himself,  were  frequently  the  subjects  of 
"  friendly  merriment  at  the  Doctor's  fireside ;  and  I  have 
"  often  heard  him  say,  that  without  Ins  help,  and  even  his 
"  instruction,  on  many  points  of  the  construction,  Mr.  Watt 
"  could  never  have  gone  on.  I  have  even  heard  him  men- 
"  tion  some  important,  but  subordinate,  parts  of  the  engine 
"  w^hich  were  of  his  contrivance.  But  I  never  heard  him 
''  lay  the  smallest  claim  to  the  leading  thought  of  a  hot  and 
"  dry  cylinder  for  the  piston  to  work  in,  and,  therefore,  a 
separate  condenser.  I  never  knew  him  call  it  *  my  engine,' 
nor  *  our  engine,'  but  uniformly  *  Watt's  engine,'  when  he 
had  occasion  to  speak  of  it  as  distinct  from  the  old  or 
Newcomei%9  engine.  I  remember  Mrs.  Roebuck  saying  one 
evening,  *  Jamie  is  a  queer  lad,  and  without  the  Doctor  his 
"  *  invention  would  have  been  lost :  but  Dr.  Roebuck  won't 
"  *  let  it  perish.'  I  mention  all  these  trifling  things  because 
"  I  have  often  heard  gentlemen  living  in  the  neighbourhood 
"  of  Borrowstoness  speak  of  this  new  project  as  Dr.  Roe- 
"  buck's,  in  which  he  was  assisted  by  one  Watt,  from  Glas- 
"  gow.  One  gentleman  in  particular,  Mr.  Graham  of  Airth, 
**  insisted  with  me  that  Dr.  Roebuck  was  the  inventor.    But 
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ODe  day  Mr.  Graliam  came  home  from  FaHdrk,  where  k 
'^  had  seen  Dr.  Eoebuek,  and  engaged  him  in  conYeralui 
''  on  the  subject.  He  told  me  that  he  now  saw  plainly  tint 
*'  Mr.  Watt  was  the  sole  author,  and  said  that  he  would  be 
'^  at  some  pains  to  undeceive  some  gentlemen  of  the  neigb- 
"  bourhood,  who  were  of  the  opposite  opinion*  Thi»  m 
"  very  natural.  Dr.  Roebuck  was  a  gentleman  of  mioos* 
**  mon  knowledge  in  everything  of  this  kind,  and  considefe' 
*'  as  the  first  judge  in  all  that  country  of  all  gach  matton; 
"  whereas  Mr.  Watt  was  an  entire  stranger. 


"  I  remember  also,  that  in  1774,  or  1775,*  after  my  retan 

*  from  Russia,  I  had  some  conversation  with  Dr.  BoebneL 
The  Doctor  spoke  with  some  dissatisfaction  of  Boulton  td 

*  Watt.     They  were  now,  he  said,  amassing  fortmies  fro©  * 

*  project  which  his  misfortunes  had  obliged  him  tocecfeto 

*  them.     They  seemed  to  have  forgotten  that  he  had  sdkni 
'  all  the  anxieties  attending  the  infant  project ;  he  had  m 

*  all  the  risk, — and  the  risk  had  been  very  great,  both  froB 

*  the  novelty  of  the  thing,  and  from  Mr.  Watt's  delictte 

*  health,  and  his  timidity  under  difficulties ; — that  without 

*  his  continual  encouragement  and  support  it  never  wonU 

*  have  succeedeJ.     He  had  ceded  his  right  on  very  modenl0 
'  terms,  and  he  had  expected  some  remembrance  of  tli» 

*  In  this  disposition  to  repine  at  an  opportunity  which  h» 

*  had  lost  of  benefiting  himself,  it  would  have   been  woi 
'  natural  for  Dr.  Roebuck  to  put  a  high  value  on  any  ptft 

*  that  he  had  had  in  the  discovery ;  and  I  listened  with  boob 

*  anxiety  to  hear  if  he  advanced  any  claim  of  this  kind,  fa  I 

*  knew  that  any  such  thing  from  Dr.  Roebuck  would  be 

*  received  with  much  deference.     But  I  have  the  most  die* 

*  tinct  recollection  that  he  made  no  claim  whatever  of  tJA 
'  sort ;  but,  on  the  contrary,  spoke  in  the  highest  terms  d 


*  This  date  probably  was  given  by     Boulton.    It  was  several  jeus  M** 
Dr.  R.  in  mistake  for  a  later  one,  as     tlie    manufacture    of    the   improvsi 


Mr.  Watt's  Act  of  Parliament  was  steam-en^nes,    which     only 

obtained  in  May,  1775;  after  which,  menced  in  1775,  became  in  the  M' 

though  in  the  same  year,  it  was  that  degree  remnneratiYe. 
he  entered  into  partnership  with  Mr. 
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Watt's  ingenuity  and   inexhaustible  resource  of  in- 
tion.* 

"he  duties  of  my  profession  call  my  attention  to  a  great 
iety  of  very  interesting  objects.  Of  all  these,  my 
3urite  object  is  practical  mechanics.  I  have,  therefore, 
ited  everywhere  for  information,  and  my  opportunities 
e  been  considerable.  Understanding  most  of  the  lan- 
iges  of  Europe,  I  have  looked  into  almost  every  book 
ch  treats  of  such  things;  and,  in  particular,  I  have 
rched  for  every  project  in  mechanics,  description  of 
chines,  and  schemes  of  public  works.  I  can  recollect 
.  one  trace  of  anything  like  a  separate  condenser  of 
eon.  Tliis  is  in  a  volume  of  the  '  Commentarii  de 
ebus  in  Medicina  et  ScientiA  Naturali  gestis ;'  I  cannot 
V  recollect  the  volume,  and  only  remember  that  it  is  a 
}  one ;  (indeed  this  whole  work  is  of  a  date  posterior  to 
19).  In  this  volume  there  is  a  short  account  given  of  an 
pump  by  M.  Wilcke,  of  Upsal  or  Stockholm,  precisely 


6  understand  these  remarks 
RobiBon  to  have  had  reference 
le  stories  told  by  a  person  of 
ime  of  Joseph  Hately,  who, 
;  come  into  the  employment  of 
toebnck  some  time  after  Mr. 
had  begun  to  make  his  experi- 
1  essays  at  Kinneil,  but  having 
to  give  his  employer  satisfac- 
^uittc'd  it,  or  was  discharged, 
a  service  of  about  eighken 
8.  He  seems  to  have  after- 
(16  Nov.  1790)  taken  out  a 
for  a  **  Pneumatic  fire-engine ;" 
ould  not  have  been  noticed 
tad  it  not  been  for  a  very  ab- 
Eable  of  which  he  was  the 
' ;  which  was  to  the  effect  tliat 
iproved  engine  had  been  in- 
I  not  bv  Mr.  Watt,  but  by  Dr. 
ick.  This  story  he  circulated 
)  eve  of  Boulton  and  Watt's 
ion  with  the  infringers  of  their 
.  rights ;  the  design  of  it  ob- 
f  being,  by  an  allegation  of 
invention,  to  "  avoid  "  Mr. 
i  patent.  Before  venturing  to 
Igate  such  a  creed  he  had 
i, — no  doubt  wisely,  as  he 
it,— tiU  the  Doctor**   death, 


which  happened  in  1794  :  and  thus 
he  hoped  to  escape  an  effectual  con- 
tradiction. Such  folly  and  audacity, 
however,  were  at  once  exposed,  as 
they  deserve  always  to  be ;  and  we 
have  now  before  us  a  letter  fh>m  Dr. 
R.'s  son,  Mr.  John  Roebuck,  (to  Mr. 
Watt,  22nd  Nov.  1796),  in  which  he 
says,  "  I  never  heard  my  father  in 
**  the  smallest  degree  claim  any  merit 
**or  pretend  to  have  any  share  in 
*'  inventing  or  even  in  improving 
**  upon  your  engine.  On  the  con- 
"  tnuy,  he  always  represented  the 
^*  whole  invention  to  be  yours.*'  Also, 
one  from  a  gentleman  who  had  been 
clerk  to  Dr.  R.  at  the  time  in  <^ue8- 
tion,  and  continued  in  strict  friend- 
ship with  him  from  that  period  to  the 
time  of  his  death;  who  expresses 
his  astonishment  "  that  Mr.  Hately 
''should  pretend  to  attribute  an  in- 
"  vention  to  Dr.  Roebuck,  which  on 
**  every  occasion,  during  a  twenty- 
**  seven  years'  intimate  acquaintance 
"  with  the  Doctor,  he  had  avowed  to 
**  me,  and  to  others  in  my  hearing,  to 
"  be  wholly  yours."  (Mr.  James  War- 
rock  to  Mr.  Watt,  26th  Nov.  1796.)    . 

H  2 
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'*  such  as  I  made  when  I  heard  of  Mr.  Watt's  contriTattA 
"  It  is  mentioned  as  a  thing  which  the  Reviewers  had  foigol* 
"  ten  in  its  proper  time,  and  they  say,  *  dtidum  fabrieaviL*  I 
"  mentioned  this  about  a  year  ago  to  Dr.  Black,  when  n 
"  were  speaking  of  some  curious  obseryations  of  M.  Wikto 
"  on  the  cloud  which  appears  in  the  receiver  of  an  air-ptnap 
"  when  damp  air  is  suddenly  rarefied.  The  Doctor  tdd  ne^ 
"  that  when  he  was  yet  in  Glasgow,  he  had  a  pupil  of  tk 
"  name  of  Williams,  or  Williamson,  from  tlie  Mine  CoUc^ii 
"  Sweden ;  tliat  this  person  was  intimately  acquainted  k 
"  Dr.  Roebuck's  family,  and,  he  believed,  also  with  Mr. 
"  Watt ;  that  he  was  in  this  country  almost  three  yeais^  tmi 
"  fully  understood  all  his  theory ;  and  he  had  no  doubt  tU 
"  Dr.  Wilcke  owed  to  him  all  that  he  had  published  on  tW 
"  subject.  Ho  thought  it  equally  probable  that  this  picjeei 
"  of  an  air-pump  had  transpired  in  some  of  our  conversationi^ 
"  it  being  a  thing  on  which  we  put  no  value."     ♦     ♦ 

The  following  is  evidently  the  notice  intended  to  be  le- 
ferred  to  by  Dr.  Robison,  which  we  here  translate  fiom  the 
Latin,  in  which  language  it  is  printed  in  the  Transactions  rf 

the  Royal  Academy  of  Sciences  of  Sw^eden : — 

«  «  «  «  « 

"  3.  John  Charles  Wilke,  Lectiu-er  on  Experimental  Hii" 
"  losophy,  proposes  a  new  kind  of  air-pump.  He  makes  vBb 
"  of  the  well-known  property  which  the  steam  of  boiliog 
"  water  possesses,  of  so  expanding  itself,  as  to  drive  out  the 
"  air  from  any  space  wliich  it  fills.  Instead,  therefore,  (t 
"  that  cylinder,  in  which,  in  common  pumps,  the  sucktf 
"  moves,  he  takes  a  metallic  vessel,  into  which,  by  means  of 
"  a  tube,  the  steam  of  water,  boiling  over  a  fire,  can  ascend; 
**  by  another  aperture,  the  air  contained  in  the  vessel  (whiA 
"  he  calls  a  receiver)  retires  before  the  steam.  The  receiiff 
"  is  joined  to  a  globe,  on  which  a  glass  bell  may  be  placed, 
"  as  in  common  pumps ;  and  those  three  apertures  of  the 
**  receiver,  by  which  the  steam  enters,  the  air  escapes,  and 
**  the  globe  is  connected  with  it,  may  be  closed  by  valves  or 
"  cocks.  The  last  of  them,  up  to  this  point,  is  kept  shut 
^^  When  the  steam,  ascending  into  the  receiver,  has  suffi- 
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"  ciently  expelled  the  air,  the  cock  by  which  the  air  had 
**  escaped  is  closed,  and  the  receiver  is  surrounded  with  cold 
**  water.  The  steam,  thus  condensed^  returns,  in  the  form  of 
^  drops,  to  the  vessel  whence  it  came ;  and  the  cock  which, 
"  when  open,  had  permitted  it  to  rise,  being  now  closed,  a 
**  yacuum,  to  a  great  extent,  is  formed  in  the  receiver.  Then 
"  the  cock  by  which  it  is  joined  to  the  globe,  being  opened, 
**  air  will  rush  into  it  from  the  bell.  This  kind  of  exhaustion 
may  be  repeated,  till  there  remains  under  the  bell  [no 
more  than]  a  one  hundred  and  thirtieth  portion  of  the  air, 
"  in  the  machine  with  which  Mr.  Wilke  made  his  experiment, 
**  and  which  was  by  no  means  so  perfect  as  it  might  be  made 
by  greater  care.  Even  common  air-pumps,  as  improved  by 
Nollet,  rarefy  air  about  300  times ;  (Wilke  takes  no  notice 
of  John  Smeaton's  pump,  mentioned  in  the  Philosophical 
**  Transactions,  vol.  xlvii.  Art.  69,  by  which  air  is  said  to  be 
**  rarefied  500  or  even  1000  times)  ;  so  that  this  one,  a  little 
'*  better  made,  will  easily  equal  their  performance ;  but  its 
principle  is,  that  it  will  exhaust  the  air  suddenly,  not,  as 
the  common  ones  do,  by  degrees :  (Nollet  and  others 
showed  how  a  large  receiver  could  be  first  emptied  of  air, 
**  and  applied  to  the  bell,  so  as  to  let  the  air  from  the 
**  latter  suddenly  rush  into  it).  *But,'  it  is  added,  *as  it 
**  *  needs  fire  and  water,  its  use  is  attended  with  some  ineon- 
**  *  vem'ences.* "  * 

Dr.  Robison  is  not  quite  accurate  in  sapng  that  the  whole 
of  the  *  Commentarii '  are  of  a  date  posterior  to  1769.  The 
work  was  published  in  a  series  of  thirty-seven  volumes,  com- 
mencing in  1752,  and  ending  in  1806 ;  with  three  volumes 
of  •  Supplementa,'  1763-96,  and  three  of  Indices,  1770-1793. 
But  it  is  certain  that  the  passage  quoted  above  is  of  a  date 
several  years  subsequent  to  Mr.  Watt's  invention  of  the  sepa- 
rate condenser;  and  the  circumstances  through  which  it 
happened  that  Mr.  Wilcke  was  even  so  early  in  possession  of 


44 


♦  •  Eongl.  Yetenskaps  Academiena  mestre  primum),  printed  in  the  •  Com- 

•  Handlingar  for  Aor  1769/  vol.  xxx.  •  mentarii     de    Rebus    in    Scienti^ 

he.  i.e..  Acta  Academic   Beg.  Be.  •Naturali   ct  MedicinA    gtstis,    vo- 

8uecic«,  anni   1769,  vol.  xxx.  (Tri-  Inminia  xviii.  para  I.    Lipaiw,  1772. 
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the  idea  of  an  air-pump,  such  as  that  described,  are,  no 
doubt,  very  well  explained  by  Dr.  Bobison. 

Although  our  reader^  may  probably  be  of  opinion  thii  it 
does  not  require  such  notice,  we  may  here  adrert  to  a  sioiy 
told  in  a  recent  Life  of  Gainsborough  the  artist,*  ooncenimg 
his  brother  Humphry.  This  genius  was  the  brother,  not  oriy 
of  the  celebrated  painter,  but  also  of  a  certain  "  scheming 
"  Jack,"  noted  for  the  mechanical  delusions  by  which  he  w« 
influenced,  including  the  usual  one  of  flying  in  the  air  on  arti- 
ficial wings ;  which  he  attempted  to  practise  somewhat  after 
the  manner  of  the  mechanist  in  Basselas,  and  with  a  similar 
result ;  but  with  the  top  of  a  summer-house  for  his  promontoiT, 
and  a  ditch  for  his  lake,  *^  out  of  which  he  was  drawn  amidst 
"  shouts  of  laughter,  half-dead  with  fright  and  vexation." 

Humphry  was  largely  endowed  with  the  family  fancy  for 
"  scheming,"  and  the  inventiveness  of  his  mind  was  extolled 
by  Mr.  Edgeworth.  He  is  said  by  Mr.  Fulcher  (p.  13)  to 
have  "settled  as  a  dissenting  minister  at  Henley-upoo- 
"  Thames  ;*'  although  it  appears  from  a  letter  at  p.  1(^  d 
the  same  volume,  that  his  business  was  that  "  of  collecting 
"  the  tolls  upon  the  river."  In  this  arrangement  it  is  sa^ 
factory  to  learn  that  the  Rev.  gentleman's  "  mechanical  con- 
"  trivances  were  the  employments  of  his  leisure  hours,  and 
"  were  never  suffered  to  interfere  with  his  sacred  duties." 

This  being  premised,  "  We  may  mention,"  says  Mr.  Ful- 
cher, "  that  his  experiments  upon  the  steam-engine  were  fcr 
"  in  advance  of  his  time.  Indeed,  it  was  stated  by  his  familj 
"  and  friends,  that  Watt  owed  to  him  one  of  his  great  and 
"  fundamental  improvements,  that  of  condensing  the  steaia 
"  in  a  separate  vessel.  Certain  it  is,  that  Mr.  Gainsborongh 
"  had  constructed  a  working-model  of  a  steam-engine,  to 
"  which  his  discoveries  were  applied,  and  that  a  stranger, 
"  evidently  well  acquainted  with  mechanics,  and  supposed  to 
"  be  connected  with  Watt  as  an  engineer,  was  on  a  visit  at 
**  Henley,  and  called  upon  him,  to  whom  he  unsuspectingly 


*  Life  of  Thomas  Gaiusborougli,     Fulcher.    Edited  by  his  Son.    Lon- 
K.A.,  by  the  late  George  Williams     don.    1856. 
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"  showed  his  model  and  explained  its  novelties.  His  rela- 
"  tives  have  assured  the  Author  that  such  was  the  fact,  and 
"  that  the  circumstance  of  having  thus  lost  the  credit  of  his 
"  discovery,  made  a  deep  and  melancholy  impression  upon 
"  his  mind.  The  truth  of  this  statement  receives  also  strong 
"  corroboration  from  the  remarks  of  Thicknesse,  who  says,-^ 
"  *  Mr.  Gainsborough '  (the  painter)  *  gave  me,  after  the  death 
"  *  of  his  clergyman  brother,  the  model  of  his  steam-engine  : 
"  *  that  engine  alone  would  have  furnished  a  fortune  to  all 
"  *  the  Gainsboroughs  and  their  descendants,  had  not  that 
'  unsuspicious,  good-hearted  man,  let  a  cunning,  designing 

*  artist  see  it,  and  who  surreptitiously  carried  it  off  in  bis 

*  mind's  eye.'  Watt  obtained  his  first  patent  for  perform- 
ing condensation  in  a  separate  vessel  from  the  cylinder,  in 
1769;  it  was  renewed  in  1775.     Humpliry  Gainsborough 

"died  in  1776."* 

Such  is  the  tale  told  by  Mr/Fulcher,  in  the  hope,  we  sup- 
pose, of  persuading  his  readers  that  Mr.  Humphry  Gains- 
borough had  anticipated  James  Watt  m  one  of  his  grandest 
inventions  for  the  unprovement  of  the  steam-engine ;— nay, 
that  James  Watt,  not  only  the  greatest  mechanical  inventor 
that  ever  lived,  but  "  the  most  scrupulous  of  men  where  the 
**  inventions  of  others  were  concerned,"  had  actually  palmed 
off  upon  the  world  as  his  own—had  obtained  a  patent,  and  a 
further  extension  of  that  patent  by  Act  of  Parliament,  for 
an  invention  previously  made,  and  known  to  him  to  have 
been  made,  by  the  dissenting  minister  and  toll-collector  of 
Henley-upon-Thames !  Yet>  when  we  look  for  the  evidence 
on  which  such  a  charge  is  made,  what  do  we  find?  The 
nature  of  the  "  experiments  upon  the  steam-engine  "  alleged 
to  have  been  made,  or  of  the  "  discoveries "  stated  to  have 
been  applied  to  the  working  model,  is  not  in  a  single  instance 
specified ;— of  the  "family,  friends,  and  relations,"  spoken  of 
as  upholding  the  credit  of  the  tale,  not  one  individual  is 
named; — of  the  mysterious  "stranger"  himself,  "evidently 
"  well  acquainted  with  mechanics,"  stat  nominds  umbra ; — and 


♦  Fulcher,  pp.  18, 19. 
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his  very   ^  connection  with  Watt  as  an  engineer"  was,  ii 
seems,  only  **  sappoeed  "  to  exist ! 

As  for  the  Thicknesse,  whose  remarks  are  introduced  tt  & 
**  strong  corroboration  "  of  the  whole,  he  "  published,**  sbji 
Mr.  Fulcher,  "  a  brief  memoir,  written  in  one  day,  of  wbiA 
^  we  need  not  say  more  here,**  he  continues,  **  than  that  it 
**  deservedly  enjoyed  a  fame  of  equal  duration."  (Pret  p.  iii) 
Of  the  same  person's  autobiography,  Mr.  Folcher  adds  that 
therein  ^'  his  spites,  his  bickerings,  his  disappointments,  the 
**  ill-natured  things  he  did,  the  mistakes  he  made,  the  worth 
'^  he  insulted,  are  recorded  with  a  minuteness  which  his  most 
"  malignant  enemy  might  have  envied."  (p.  42.)  Mr.  Thict 
nesse  was  therefore  a  very  proper  herald  to  select  for  thai 
engine  which  "  alone  would  have  furnished  a  fortune  for  iU 
"  the  Gainsboroughs  and  their  descendants," — a  fitting  Daniel 
come  to  judgment  on  the  "  cunning,  designing  artist,"  whom 
the  "  unsuspicious,  good-hearted  man  "  allowed  to  see  it,  and 
"  surreptitiously  to  carry  it  oflF  in  his  mind's  eye." 

But,  fortunately,  Mr.  Fulcher's  story  is  not  original  with 
him ;  nor  is  a  test  of  its  truth  now  to  be  applied  to  it  for  the 
first  time. 

Jabez  Hornblower,  who,  after  having  been  long  employed 
as  a  stoker  in  Messrs.  Boalton  and  Watt's  manufactorv  at 
Solio,  was,  in  the  end  of  the  last  centiuy,  convicted  of  gro« 
piracy  of  Mr.  Watt's  invention,  employed  a  portion  of  the 
leisure  which  fell  to  his  lot  in  the  King's  Bench  Prison  in 
writing  a  first  edition  of  the  same  fable,  which  was  published 
in  Gregory's  Mechanics.  Mr.  Hornblower,  however,  with  leas 
caution  than  Mr.  Fulcher,  did  not  altogether  evade  the  men- 
tion of  any  name  or  detail  to  authenticate  his  tale ;  bat 
appealed,  in  proof  of  it,  to  a  conversation  sftid  to  have  been 
hold  with  Mr.  Samuel  More,  the  very  respectable  Secretary 
to  the  Society  of  Avta. 

Now,  in  the  trial  of  the  cause,  Boulton  and  Watt  v.  Bidl,  in 
the  Common  Pleas,  22nd  June,  1793,  Mr.  More  was,  it  hap- 
|>ens,  exaniinoil  as  a  witness.  He  was  asked,  "You  must 
'*  have  seen  and  known  a  vast  number  of  machines  of  various 
•*  kinds ; — Did  you  ever  meet  vnth  the  application  of  those 
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•*  principles  Mr.  Watt  has  applied  to  the  fire  engine  before  you 
**  knew  Mr.  Watt's  engine?"  And  upon  oath  he  answered, 
**  My  situation  in  life  leads  me  to  see  a  vast  many  mechanical 
**  contrivances,  and  my  inclination  leads  me  to  look  into 
^  them.  I  take  it  to  be  the  most  useful  engine  that  has  ever 
**  been  brought  forward  by  the  mind  of  man ;  I  have  con- 
**  sidered  it  attentively ;  I  do  declare  I  never  saw  the  principles 
**  laid  doum  in  Mr.  Wattes  specification  either  applied  to  the 
**  engine  premous  to  his  taking  it  up,  nor  ever  read  of  any  such 
**  thing  whatever  J' 

If  it  be  true, — ^although  of  this  we  have  no  proof  beyond 
Homblower's  assertion, — that  Mr.  More  had  inspected  Mr. 
Humphry  Gainsborough's  "working-model"  to  which  his 
precious  "discoveries"  were  "applied,"  this  only  makes  his 
evidence  in  favour  of  the  entire  novelty  as  well  as  origiDality 
of  Mr.  Watt's  steam-engine  the  more  conclusive.  Mr.  Hum- 
phry Gainsborough's  opinion  of  the  value  of  his  own  machine, 
as  compared  with  that  of  Watt,  appears,  no  doubt,  to  have 
been  tolerably  good;  for  "Suppose,"  writes  Mr.  Boulton  to 
Mr.  Watt  in  1775,  "  another  ingenious  man  starts  up  with 
**  another  new  discovery  that  should  prove  to  be  seven  times 
*'  better  than  the  common  engine,  whilst  ours  is  only  three 
*'  times,  what  then  becomes  of  aU  the  fabric  we  have  raised, 
**  and  of  the  visionary  profits?     And  let  me  tell  you  that 

there  is  great  probability  of  it,  for  there  is  a  very  ingenious 

man  at  Henley-upon-Thames,  who  asserts  that  he  hath 
"  made  such  a  discovery."  The  person  here  alluded  to, — 
who  would  have  been  very  ingenious  indeed  if  the  ratio  of 
seven  to  three  in  favour  of  his  steam-engine  against  that  of 
Watt  had  only  proved  to  be  true! — was  no  doubt  Gains- 
borough ; — as  in  a  subsequent  letter,  believed  to  have  been 
written  in  1776,  Mr.  Boulton  talks  of  "  Tubal-Cains,  or  Watts, 
"  or  Dr.  Fausts,  or  Gainsboroughs,  arising  with  serpents  like 
"  Moses',  that  devour  all  others." 

Humphry  Gainsborough's  serpent,  however,  did  not  actu- 
ally devour  the  others ;  which  would  rather  have  baffled  its 
powers  of  digestion.  He  himself,  (Gainsborough,  not  the  ser- 
pent !),  is  stated  to  have  died  in  1776,  under  a  "  deep  and 
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''  melancholy  impreaeioQ  on  his  mind  "  of  having  failed ;  but 
yery  possibly  retaining  that  conceit  of  the  superiority  of  bii 
own  "  discoveries  "  which  seems  to  some  extent  to  be  habitual 
with  projectors,  but  especially  with  nnsuccessful  ones.  Those 
who,  like  Newton  or  Watt,  do  really  make  great  sdentific 
discoveries  which  truly  and  widely  enlighten  and  benefit  man- 
kind, and  deservedly  command  the  admiration  of  the  wo^ 
are  usually  less  sanguine,  and  ^ways,  we  venture  to  behere, 
more  modest  Stuart,  in  his  History  of  the  Steam-Enginai 
calls  Homblower's  story,  quoted  above,  an  ^  extraordmii; 
^  and  disingenuous  statement ;"  and  the  friends  of  Mi: 
Fulcher,  whose  publication  is  a  posthumous  one,  must  legaH 
that,  after  the  interval  of  more  than  half  a  century,  he  shooU 
have  been  deluded  into  giving  renewed  currency  to  anythiog 
so  groundless,  and,  we  will  venture  to  add,  so  absurd. 
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CHAPTER  IX. 

HIBTOBT  OF  THE   STEAM-ENGINE  BEFORE   THE  TIME  OF  WATT  —  JB0LIPILE8 

ANTHEMIUS  —  OEBBEBT  —  PORTA  —  BI VAULT — SOLOMON    DS  CAUS  — 

MABQUIS  OF   WORCESTER  —  HIS   *  CENTURY  OF  INVENTIONS*  —  QUESTION 
WHETHER    HE    EXECUTED    HIS    APPARATUS  —  HIS    ACT   OF   PARLIAMENT 

BEAUFORT   MS8. — ROLLOCK*S   'PANEGYRIC*  — TRAVELS  OF   COSMO  DB 

MBDICIS. 

As  we  are  now  arrived  at  that  important  epoch  of  Mr.  Watt's 
life  when  he  made  the  first,  the  greatest,  and  the  most  prolific 
of  all  his  mighty  inventions  connected  with  the  steam-engine, 
it  is  necessary  that  we  should  give  some  explanation  of  the 
state  in  which  he  found  that  machine,  as  then  employed  in 
imperfectly  draining  some  collieries  and  mines  in  Great 
Britain,  although  not  otherwise  made  available  in  either  this 
or  any  other  country.  Without  a  brief  historical  sketch  such 
as  this  renders  necessary,  many  of  our  readers  would  find  it 
difficult  either  to  follow  the  steps  by  which  Mr.  Watt  ascended 
in  liis  successive  inventions,  to  understand  their  importance, 
or  to  appreciate  their  beauty ;  and  we  venture  to  believe  that 
it  is  possible  to  communicate  all  that  is  on  the  present  occa- 
sion needful  to  be  known  on  this  part  of  our  subject,  without 
perplexing  our  narrative  by  details  either  very  numerous,  or 
at  all  obscure. 

The  earliest  instance  of  a  machine  in  which  steam  was  de- 
liberately used  to  generate  motion,  is,  it  seems  to  be  generally 
admitted,  the  uEolipile, — -Soli-pila,  or  ball  of  iEolus, — such 
as  is  delineated  and  described  by  Hero  of  Alexandria,  in  his 
Pneumatica,  or  Spiritalia,*  about  120  B.C.  This  fleolipile  was 
a  hollow  baU  of  metal,  moveable  on  external  axes  working  in 
sockets,  and  fitted  with  one  or  more  tubes  issuing  from  it 
horizontally,  closed  at  their  ends,  but  with  an  opening  in 


♦  A  curious  treatise,  which,  alonff     in  the  Mathematici  Veteree,  Gr.  ei 
with  his  otiier  works,  is  to  be  foond     Lat.»  Par.  1698,  fol. 
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their  sides.  This  ball  being  partially  filled  with  water,  ani 
placed  over  a  fire,  the  re-action  of  the  steam,  rushing  witk 
violence  from  those  openings,  caused  it  to  revolTe  with  mm 
or  less  rapidity  according  to  the  force  of  steam  emplojrei 
The  machine  has  been  constructed  of  several  forms,  and  hai 
often  served  purposes  of  ingenious  amusement.  In  point  rf 
practical  utility,  it  is  recommended  by  Branca,  in  his  wok 
entitled  *Le  Machine,'  published  at  Rome  in  1629,  to  be 
used  to  produce  a  rotatory  motion,  by  acting*  on  the  piniou 
of  a  wheel.  It  has  also  been  employed  instead  of  bellon 
directing  a  strong  current  of  steam  on  the  fire,  in  place  of* 
blast  of  air.  Sir  Hugh  Plat,  at  p.  23  of  his  *  Jewel  House  rf 
*  Art  and  Nature,'  (printed  at  London  in  1653),  gives  a  fdr- 
ticular  description  of  one  which  he  calls  "  A  round  ball  of 
"  copper  or  Latten,  that  will  blow  the  fire  very  stroDg^j, 
"  onely  by  the  attenuation  of  water  into  air ;  which  device 
"  may  also  serve  to  perfume  with ;"  and  he  annexes  a  wood- 
cut of  it. 

But  the  most  singular  details  as  to  an  instrument  of  tlA 
sort  with  which  we  have  met,  are  given  in  the  following  pas- 
sage, taken  from  Plot's  Stafibrdshire : — "  Yet  there  are  many 
"  old  customs  in  use  within  memory,  of  whose  originals  I 
"  could  find  no  tolerable  account,  that  possibly  might  com- 
*'  mence  as  high  as  these  times ;  such  as  the  service  due  bom 
"  the  Lord  of  Essington  in  this  county  [Stafford]  to  the  Lord 
"  of  Hilton,  about  a  mile  distant,  viz.  that  the  Lord  of  flie 
manor  of  Essington  shall  bring  a  goose  every  New-vear's- 
day,  and  drive  it  round  the  fire  in  the  hall  at  Hilton,  at 
"  least  three  times,  (which  he  is  bound  to  doe  as  mean  lord), 
"  wbil'st  Jack  of  Hilton  is  blowing  the  fire.  Now,  Jack  d 
"  Hilton  is  a  little  hollow  image  of  brass  of  about  12  inches 
"  high,  kneeling  upon  his  left  knee,  and  holding  his  right 
"  hand  upon  his  head,  *  ♦  *  having  a  little  hole  in  the  place 
"  of  the  mouth,  about  the  bigness  of  a  great  pin's  head,  and 
"  another  in  the  back  about  §  of  an  inch  diameter,  at  which 
"  last  hole  it  is  fiU'd  with  water,  it  holding  about  4  pints 
"  and  J,  which,  when  set  to  a  strong  fire,  evaporates  after 
*^  the  same  manner  as  in  an  ceolipile,  and  vents  it  self  at  the 
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^  smaller  hole  at  the  mouth  in  a  constant  blast,  blowing  the 
"  fire  so  strongly  that  it  is  very  audible,  and  makes  a  sensible 
impression  in  that  part  of  the  fire  where  the  blast  ligbts,  as 
I  found  by  experience,  May  the  26th,  1680."* 
A  story  is  told  by  Agathias,  in  his  history  of  Justinian,  of 
a  trick  played  by  Anthemius,  the  famous  architect  of  the 
church — now  the  mosque — of  St  Sophia  at  Constantinople, 
which,  amidst  all  the  vagueness  and  probably  ignorance  of 
the  historian,  seems  to  indicate  some  knowledge,  on  the  part 
of  its  contriver,  of  the  forcible  effects  of  steam.  Anthemius 
and  Zeno  the  rhetorician  occupied  contiguous  houses ;  and  in 
a  dispute  about  their  walls  or  windows,  the  learning  of  the 
mathematician  was  defeated  by  the  eloquence  of  the  orator. 
In  order  to  revenge  himself,  Anthemius  betook  himself  to  the 
practice  of  such  arts  as  his  knowledge  of  science  could 
suggest ;  and  among  other  devices,  more  ingenious  than  hurt- 
ful, by  which  he  sought  to  disturb  the  quiet  of  his  neighbour, 
was  one  thus  recorded  by  Gibbon : — **  In  a  lower  room, 
"  Anthemius  arranged  several  vessels  or  cauldrons  of  water, 
"  each  of  them  covered  by  the  wide  bottom  of  a  leathern  tube, 
"  wliich  rose  to  a  narrow  top,  and  was  artificially  conveyed 
"  among  the  joists  and  rafters  of  the  adjacent  building.  A 
**  fire  was  kindled  beneath  the  cauldron ;  the  steam  of  the 
boiling  water  ascended  through  the  tubes ;  the  house  was 
shaken  by  the  efforts  of  imprisoned  air,  and  its  trembling 
inhabitants  miglit  wonder  that  the  city  was  unconscious  of 
the  earthquake  which  they  had  felt !"  t 
William  of  Malmesbury  describes  as  being  preserved  in  the 
Cathedral  of  Bheims,  among  other  proofs  of  the  mechanical 
skill  of  Gerbert,  (afterwards  Pope  Sylvester  II.,  who  died  a.d. 
1003),  a  hydraulic  organ,  blown  "  by  the  violence  of  boiling 
"  water."  J 


*  Nat.  Hist,  of  Staffordshire,  by  f  Decline  and  FaU  of  the  Roman 

Bobert  Plot,  LL.D.,  p.  433,  edit.  Ox-  Empire,  eh.  xl. 

ford,  1686.    At  plate  xxxiii.  of  that  t  Willielm.   lialmeshur.  de  g:e8ti8 

work  there  is  an  engrayed  likeness  of  Begum    Anglorum,    Lib.   ii.  ;    inter 

Jiicky  to  which  we  refer  those  of  our  Rer.  Anglic.  Script,  ed.  Lend.  1596, 

readers  who  are  curious  in  such  mat-  fol.  36,  vtr$o. 
ters. 
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Baptista  Porta,  a  Neapalitan  gentleman  who  deyoied  Ui 
life  to  researches  in  chemistry  and  natural  philosoj^y,  ii 
which  he  displayed  remackahle  ingenuity,  and  distingoidiBJ 
himself  hy  inventing  the  magic  lantern^  has  left  us  an  •^ 
count,  in  a  work  published  in  1601,*  of  some  curious  expeii- 
ments  on  the  power  of  steam,  on  its  condensation,  and  oo  iti 
relatiye  bulk  as  compared  with  water.  In  one  of  them,  i 
yacuum  is  distinctly  formed  by  condensation,  and  water  ii 
forced  up  into  it  by  the  pressure  of  the  atmosphere;  and 
although  this  appears,  both  from  his  description  and  from  tb 
rude  wood-cut  which  accompanies  it,  to  have  been  perfomiel 
on  the  scale  not  of  any  large  engine  for  raising  water,  but 
only  of  a  small  philosophical  apparatus,  still  the  novel  prin- 
ciple is  there  clearly  pointed  out,  and  made  available  to  vg 
of  his  readers.  In  another  experiment,  a  retort  has  its  neck 
inserted  in  a  cistern  which  is  nearly  filled  with  water ;  tlw 
water  in  the  retort  is  then  made  to  boU,  and  the  steam,  preo- 
ing  on  the  water  in  the  cistern,  forces  it  up  through  a  tube 
fixed  in  its  lid. 

David  Rivault,  Seigneur  de  Flurance,  near  Laval,  in  France, 
in  a  treatise  on  the  Elements  of  Artillery,  which  he  published 
in  1605,  and  of  which  a  second  edition,  containing  an  addi- 
tional fourth  book,  appeared  in  1608,t  describes  the  power  of 
steam  in  bursting  a  strong  bomb-shell,  partly  filled  with 
water,  then  tightly  plugged,  and  set  on  a  fire.  But  here» 
with  a  power  of  very  great  destructiveness,  there  is  evidently 
a  total  want  of  any  means  of  moderating,  or  almost  of  esti- 
mating, that  dangerous  force.  On  behalf  of  M.  Rivault,  ac- 
cordingly, our  neighbours  on  the  other  side  of  the  Channel,— 
who  cannot  in  general  be  accused  of  understating  the  rights 
which  they  may  suppose  their  country  to  possess  to  any  share 
in  the  progressive  invention  of  the  steam-engine, — pilfer  no 
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daim.  This  they  reserve  for  two  others  of  their  countrymen, 
Solomon  De  Cans  and  Denys  Papin,  who  also  flourished  in 
the  seventeenth  century,  the  one  in  its  beginning,  and  the 
other  at  its  close;  of  each  of  whom,  and  their  respective 
inventions  or  discoveries,  we  shall  treat  in  due  chronological 
order. 

The  contrivance  described  and  figured  by  Solomon  De  Cans 
18  as  follows: — Take  a  strong  hollow  copper  globe,  with  a 
cock  near  the  top  to  admit  water,  and  through  the  middle  of 
the  top  a  pipe  fixed,  with  its  lower  end  reiu^hing  nearly  to 
the  bottom  of  the  globe,  without  quite  touching  it ;  fill  the 
globe  with  water  through  the  cock,  close  it  firmly,  (the  pipe, 
however,  remaining  open),  and  put  it  on  the  fire ;  then  the 
heat,  acting  upon  the  globe,  will  make  all  the  water  ascend 
through  the  pipe. 

The  merit  of  such  a  toy,  which  is  little  more  than  a  repe- 
tition of  the  apparatus  already  described  by  Porta,  it  might 
be  rather  difficult  to  estimate.  We  are  very  willing  that  it 
should  have  all  the  benefit  of  the  rhetorical  talent  of  the  most 
able  of  its  panegyrists,  the  late  M.  Arago,  who  says : — '^  The 
**  apparatus  of  Solomon  De  Cans,  that  metal  shell  in  which 
^*  a  moving  power  almost  indefinitely  great  is  generated  by 
**  means  of  a  faggot  and  a  match,  will  always  make  a  noble 
''  figure  in  the  annals  of  the  steam-engine."  Still  we  cannot 
but  remember  that  for  all  purposes  of  practical  utility  it  has 
proved  to  be  valueless ;  and  that  if^  instead  of  '^  in  the  annals 
of  the  steam-engine,"  M.  Arago  had  said,  "  in  annals  pre- 
vious to  those  of  the  steam-engine,"  he  would  more  exactly 
have  described  the  period  to  which  a  contriv^ce  at  once  so 
gimple,  BO  harmless,  and — we  must  be  pardoned  for  adding — 
so  useless,  properly  belongs. 

The  name  next  in  the  series  of  early  '^  students  of  steam," 
is  that  of  Edward,  second  Marquis  of  Worcester ;  in  whose 
*  Century  of  Inventions,'  first  published  in  1663,  occur  the 
following  curious  articles : — 

**  68.  An  admirable  and  most  forcible  way  to  drive  up 
**  water  by  fire,  not  by  drawing  or  sucking  it  upwards,  for 
**  that  must  be,  as  the  philosopher  calleth  it^  Intra  tphaeram 
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"  aetivitatiiy  which  is  but  at  such  a  distance.  But  this  nf 
"  hath  no  bounder,  if  the  vessels  be  strong  enough;  fcrl 
''  have  taken  a  piece  of  a  whole  cannon,  whereof  the  end  in 
"  burst,  and  filled  it  three  quarters  full  of  water.  Stopping 
'*  and  scruing  up  the  broken  end,  as  also  the  touchhole,  and 
making  a  constant  fire  under  it,  within  24  hours  it  bonl 
and  made  a  great  crack.  So  that  having  a  way  to  nulie 
my  vessels,  so  that  they  are  strengthened  by  tlie  fowe 
"  within  them,  and  the  one  to  fill  after  the  other,  I  have  sect 
"  the  water  run  like  a  constant  fountaine-stream  forty  foot 
"  high ;  one  vessel  of  water  rarified  by  fire  driveth  up  forty 
"  of  cold  water.  And  a  man  that  tends  the  work  is  but  to 
"  turn  two  cocks,  that  one  vessel  of  water  being  consumed, 
"  another  begins  to  force  and  re-fill  with  cold  water,  and » 
"  successively,  the  fire  being  tended  and  kept  constant,  whidi 
"  the  selfsame  person  may  likewise  abundantly  perfonn  in 
the  interim  between  the  necessity  of  turning  the  said  coda." 
"  98.  An  engine  so  contrived,  that  working  the  primum 
mobile  forward  or  backward,  upward  or  downward,  circulailf 
"  or  corner-wise,  to  and  fro,  streight,  upright  or  downright^ 
yet  the  pretended  operation  continueth,  and  advanceth 
none  of  the  motions  above-mentioned,  liindering,  much  leai 
"  stopping  the  other ;  but  unanimously  and  with  harmony 
"  agreeing,  they  all  augment  and  contribute  strength  unto 
"  the  intended  work  and  operation :  and  therefore  I  call  this 
**  a  semi-omnipotent  e^xgine,  and  do  intend  that  a  model  thereof 
"  be  buried  with  me. 

"  99.  How  to  make  one  pound  weight  to  raise  an  hundred 
''  as  high  as  one  pound  falleth,  and  yet  the  hundred  pound 
'*  descending  doth  what  nothing  less  than  one  hundred  pound 
"  can  efiect. 

100.  Upon  so  potent  a  help  as  these  two  last^mentioned 
inventions,  a  waterwork  is  by  many  years'  experience  and 
"  labour  so  advantageously  by  me  contrived,  that  a  child's 
force  bringeth  up  an  hundred  foot  high  an  incredible 
quantity  of  water,  even  two  foot  diameter,  so  naturally, 
"  that  the  work  will  not  be  heard  even  into  the  next  room ; 
''  and  with  so  great  ease  and  geometrical  synimetryy  that 
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•*  though  it  work  day  and  night  from  one  end  of  the  year  to 

**  the  other,  it  will  not  require  forty  shillings  reparation  to 

•*  the  whole  engine,  nor  hinder  ones  day-work.     And  I  may 

*•  boldly  call  it  the  most  stupendums  work'  in  the  whole  world : 

•*  not  onely  with  httle  charge  to  drein  all  sorts  of  mines,  and 

*•  furnish  cities  with  water,  though  never  so  high  seated,  as 

**  well  to  keep  them  sweet,  running  tlu*ough  several  streets, 

**  and  so  performing  the  work  of  scavingers,  as  well  as  fur- 

**  nishing  the  inhabitants  with  sufficient  water  for  their  private 

•*  occasions,  but  likewise  supplying  rivers  with  sufficient  to 

**  maintaine  and  make  them  portable  from  towne  to  towne,  and 

**  for  the  bettering  of  lands  all  the  way  it  runs ;  with  many 

**  more  advantageous,  and  yet  greater  effects  of  profit,  ad- 

**  miration,  and  consequence.    So  that  deservedly  I  deem  this 

**  invention  to  cro^^n  my  labours,  to  reward  my  expences, 

*•  and  make    my   thoughts    acquiesce    in    way    of   further 

« inventions." 

In  these  extracts  are  contained  the  principal  reasons  for 
posterity  supposing  the  Marquis  to  have  been  acquainted  with 
the  power  of  steam,  and  able  to  apply  it  to  some  useful  pur- 
pose. It  is  true  that  in  the  same  extraordinary  work,  if  we 
are  to  believe  its  noble  author,  many  great  inventions  of  more 
modem  days,  as  well  as  some  which  still  he  hid  in  the  future, 
were  anticipated.  Within  the  compass  of  a  few  very  small 
duodecimo  pages,  the  Marquis  enumerates  "A  way  how  to 
"  make  a  Boat  work  itself  against  Wind  and  Tide,  yea,  both 
"  without  the  help  of  man  or  beast;" — "  How  to  make  a 
"  Pistol  to  discharge  a  dozen  times  with  one  loading,  and 
without  so  much  as  once  new  Priming  requisite ;" — "  How 
to  make  a  man  to  fly ;  which  I  have  tried  with  a  little  Boy 
'*  of  ten  years  old  in  a  bam,  from  one  end  to  the  other,  on 
"  an  Hay-mow ;" — "  A  Watch  to  go  constantly,  and  yet  needs 
"  no  other  winding  from  the  first  setting  on  the  Cord  or 
"  Chain,  imless  it  be  broken;" — "An  Engine  whereby  one 
"  man  may  take  out  of  the  water  a  Ship  of  500  Tun,  so  that 
"  it  may  be  calked,  trimmed  and  repaired  without  need  of 
"  the  usual  way  of  stocks,  and  as  easily  let  down  again ;" — 
"  An  Instrument  whereby  an  ignorant  person  may  take  any- 
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^  tfain^  ID  Pef^pecdTe.  as  joady.  and  more  tfaan  tlie  stdUoU 
^  Painter  can  do  bv  hi?  ere  ;"*  Jbc  dnt^.  Ae. 

All  of  th^ae,  and  of  the  mnetv  other  articles  c^  wUdi  tk 
*  C^ntarv '  is  made  op.  wanted  only  one  condition  to  b 
complied  with  by  their  anthor.  to  satisfy  the  w<N4d  that  Aef 
were  not  the  mere  idle  dreams  of  a  mechanical  TiskuiaiTff 

m 

the  impndent  boasts  of  a  peendo-^cientific  braggart  M 
that  condition  is  certainly  an  important  one ;  viz.  thit  b 
slioald  have  executed  alL  or  at  least  some  of  the  mote  ia- 
portant  of  the  Tarioos  machines  which  he  thns  desoflei 
And  on  this  p<»int.  in  the  ca&e  of  the  Marquis,  thefeisM' 
fortunately  considerable  room  for  doubt ;  although  the  littli 
'  Century,'  crowing  like  a  game-cock  to  the  last^  closes  wiA 
an  account  of  his  ^  meaning  to  leave  to  Posterity  a  Book; 
''  wherein  under  each  of  these  Heads  the  means  to  pat  ii 
^'  execution  and  visible  trial  all  and  every  of  these  InventiM 

with  the  £haf>e  and  form  of  all  things  belonging  to  tbd^ 

shall  be  printed  by  Brass-plates."  This  was  published  a 
1663,  and  the  Marquis  lived  for  four  years  afterwards;  Im4 
as  the  promised  work  never  appeared,  it  is  perhaps  not  foy 
unfair  to  suppose,  as  some  authors  have  done,  that  he  eitiier 
was  unable,  or  never  seriously  intended,  to  make  sach  t 
further  publication* 

Still  it  is  but  just  towards  his  memory  to  menticHi  vm 
circumstances,  which,  at  least  in  so  &r  as  the  ^  water-ooa- 
"  manding  engine  "  is  concerned,  seem  to  afford  grounds  fcr 
supposing  that,  whatever  might  be  the  true  nature  of  the 
power  by  which  it  acted,  or  of  the  effects  which  it  was  aUe  to 
produce,  such  an  engine  was  actually  constructed  and  was 
sot  to  work. 

On  the  3rd  of  April,  1663, — the  same  year  in  which,  ai 
already  stated,  appeared  the  *  Century  of  Inventions,' — a  Bill 
was  brought  into  Parliament  ''to  enable  Edward  Marque* 
"  of  Worcester  to  receive  the  benefit  and  profit  of  a  wate^ 
''  commanding  engine  by  him  invented ;  one  tenth  pait 
"  whereof  is  appropriated  for  tlie  benefit  of  the  Ebig'B 
"  Majesty,  his  heirs  and  successors,"  during  a  term  of  ninety- 
nine  years ;  and  this  Bill  was  passed  into  an  Act  on  the  12th 
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of  May  following,  not,  as  Lord  Orford  erroneously  supposed, 
on  the  simple  affirmation  by  the  Marquis  of  his  having  made 
such  a  discovery,  but  after  repeated  meetings  of  committees 
on  the  subject,  at  whieli  several  amendments  were  made  on 
the  Bill 

Mr.  Partington  is  not  quite  accurate  when  he  says,  in  the 
Fre&ce  to  his  edition  of  the  '  Century  of  Inventions,'  pub- 
lished in  1825,  "  On  the  3rd  of  April,  1663,  a  Bill  was  brought 
''  in  for  granting  to  him  [i.  e.  the  Marquis]  and  his  successors 
**  the  whole  of  the  profits  that  might  arise  from  the  use  of  an 
"  engine,  described  in  the  last  article  in  the  *  Century.' "  The 
following  history  of  the  date  of  tlie  introduction  of  the  Bill, 
and  of  its  progress  through  Parliament,  which  we  have  taken 
from  the  Journals  of  the  respective  Houses,  wiU,  we  believe, 
be  found  a  more  correct  one. 

The  Sfarquis  of  Worcester's  Engine  Bill  was  brought  into 
the  House  of  Lords,  and  there  read  a  first  time,  on  the  16th 
of  March,  1663. 

Bill  read  a  second  time  19  March,  and  referred  to  a  Com- 
mittee of  twenty-two  Peers. 

The  Committee  reported  certain  alterations  on  the  Bill, 
which  were  read  twice,  and  the  Bill  was  re-committed, 
28  March. 

Further  report  fipom  the  Committee,  of  a  proviso  to  be 
added :  proviso  read  twice  and  agreed  to,  and  Bill  ordered  to 
be  engrossed,  with  the  proviso,  30  Marcli. 

Bill  read  a  tliird  time,  and  {)assed,  31  March. 

Sent  to  the  House  of  Commons,  2  April 

Bead  a  first  time  in  the  House  of  Commons,  3  April. 

Bead  a  second  time,  and  referred  to  a  Committee  of  fifty- 
one  members,  4  April. 

Committee  reported  several  amendments,  wldch  were  agreed 
to,  and  further  proviso  recommended,  13  April. 

Bill  with  amendments  and  proviso  agreed  to,  5  May ;  and 
Lord  Herbert  directed  to  carry  the  same  up  to  the  Lords. 

Bill  with  amendments  brought  up  to  tlie  House  of  Lords, 
7  May. 

The  Lords  acquaint  the  Commons  that  they  agree  to  the 

I  2 
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amendments  and  alterations  in  the  Bill ;  message  receiYellif 
the  Commons,  12  May. 

The  Koyal  Assent  given  by  Commission  to  the  M 
3  June,  1()03. 

It  will  thus  be  seen  that  the  Act  in  question  was  not  ptfnl 
without  formal,  and  apparently  careful  deb'beration ;  thngk 
we  still  are  uninformed  as  to  how  far  evidence  maj  hn 
been  called  for,  before  either  of  the  Committees,  as  to  Ai 
reality  and  the  si>ecific  particulars  of  the  invention  affimrf 
to  have  been  made.  Besides  the  passing  of  the  Act,  andtb 
publication  of  the  *  Century,'  the  principal  circumstances  tli* 
seem  to  show  that  the  Marquis  did  more  than  maif 
imagine  the  construction  of  such  an  engine,  are  the  W- 
lowing : — 

(1.)  It  is  expressly  provided  in  the  Act,  "that  a  modJ 
"  thereof  [i,  e.  of  the  engine]  be  delivered  by  the  said  M•^ 
"  quess  or  his  assigns,  to  the  Lord  Treasurer  or  Comniii' 
"  sioners  for  the  Treasury  for  the  time  being,  at  or  before  lb 
"  nine-and-twentieth  day  of  September,  one  thousand  sii  hvat 
"  dred  sixty-three,  and  be  by  him  or  them  put  into  lb 
"  Exchequer  and  kept  there."  Unfortunately,  we  are  not  ii 
a  condition  to  prove  tliat  tliis  model  ever  was  so  depoaitei 
The  Act  was  passed  prior  to  the  publication  of  the  '  Centuir,* 
for  in  the  Dedication  prefixed  to  the  latter,  "  To  the  Bigbt 
"  Honourable  the  Lords  Spiritual  and  Temporal,  and  to  tta 
"  Knights,  Citizens,  and  Burgesses  of  the  Honourable  HooM 
"  of  Commons,  now  assembled  in  Parliament,"  the  Marqnii 
speaks  of  "  the  Act  of  the  Water-commanding  Engine  (whki 
"  so  chearfully  you  have  past)."  Yet  in  the  whole  couree  of 
the  work  he  does  not  say  either  that  the  model  had  been 
deposited  as  directed,  or  that  the  engine  was  in  course  rf 
construction  on  a  great  scale ;  although  he  does  speak  very 
confidently  of  the  great  feats  he  intended  to  perform,  with 
the  help  of  one  "  Caspar  Kaltoft*'s  hand,"  an  "  unparallelled 
"  workman  both  for  tnist  and  skill,  who  hath  been  these  five- 
"  and-thirty  years  as  in  a  school  under  me  imployed,  and  still 
"  at  my  disjK^sal,  in  a  place  by  my  great  expences  made  fit 
**  for  publick  service ;" — expenses  which  he  afterwards  esti- 
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mates  at  10,0007.  His  expectations  of  realising  a  fortune  by 
his  engine  were  evidently  exuberant ;  and,  with  a  heroic  bold- 
ness not  unworthy  of  the  rest  of  his  character  and  proceed- 
ings, he  professes  his  design  of  first  paying  his  debts,  next  of 
settling  a  competency  to  himself  to  live  according  to  his  birth 
and  quality,  and  lastly,  of  dedicating  the  rest  to  the  service 
of  his  king  and  country ;  who,  however,  fared  little  the  better 
for  that  "  bright  reversion !" 

(2.)  In  a  letter  to  the  Marchioness  of  Worcester  from  her 
confessor,  dated  1670,  which  was  three  years  after  the  death 
of  her  lord,  the  writer  remonstrates  with  her  ladyship  for 
allowing  her  thoughts  to  be  too  much  set  "  on  the  title  of 
**  Plantagenet,  and  of  disiK)8ing  yourself  for  that  greate  dig- 
^*  nity  by  getting  of  greate  sums  of  money  from  the  King  to 
**  pay  your  deceased  lord's  debts,  and  enriching  your  selfe  by 
"  the  great  machine  and  the  like."  All  of  wliich  ideas  the 
priest,  Walter  Travers,  declares  to  be  motives  employed  by 
the  devil,  "to  make  his  suggestions  the  more  prevalent:" 
very  piously  advising  the  Marchioness,  "  insteede  of  temporall, 
"  to  seeke  after  eternall  riches  and  honors,"  but  very  un- 
gallantly  adding,  "  wliieh  your  age  doth  assure  you  are  not 
"  far  off." 

Along  with  this  letter  may  be  taken  another  still  more 
carious  document,  preserved,  like  it,  by  tlie  Beaufort  family, 
and  published  in  1825  in  Mr.  Partington's  edition  of  the 
*  Century  of  Inventions ;'  it  is  entitled,  "  Tlie  Lord  Marquease 
"  of  Worcester  8  ejaculatory  and  extemporary  thanksgiving 
"  Prayer^  when  first  mth  his  corporal  eyes  he  did  see  finished 

a  perfect  trial  of  his  Water-commanding  Engine,  delightful 

asnd  XMefvil  to  whomsoever  hath  in  recommendation  eitlter  know- 
"  ledge^  profit,  or  pleasure ;"  and  begins  as  follows : — **  Oh ! 
"  infinitely  omnipotent  God !  wliose  mercies  are  fatliomlesse, 
**  and  whose  knowledge  is  immense  and  inexhaustible ;  next 
"  to  my  creation  and  redemption  I  render  thee  most  humble 
"  thanks  from  the  very  bottom  of  my  heart  and  bowels,  for 
"  thy  vouchsafing  me  (the  meanest  in  understanding)  an 
"  insight  in  soe  great  a  secret  of  nature,  beneficent  to  all 
"  mankind,  as  this  mv  water-commanding  engine.    Sufler  me 
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"  not  to  be  puffed  upp,  0  Lord,  by  the  knowing  of  it,  tfl 
^'  many  more  rare  and  unheard  off,  yes  nnparallelled  imtt* 
"  tions,  tryals,  and  experiments/'  &c. 

Supposing  this  prayer  to  have  been  really  composed « 
offered  up  by  the  Marquis,  it  seems  at  least  conclusiTe  aili 
his  own  genuine  belief  in  the  wonders  he  asserted  himself  to 
have  achieved;  as  he  cannot  for  a  moment  be  supposed  to 
have  been  so  abandoned,  as,  in  so  very  deliberate  and  sdsm 
a  manner,  to  have  called  on  his  Maker  to  witness  a  lie. 

(3.)  In  one  or  two  copies  of  the  first  edition  of  tk 
*  Century,'  tliere  occurs,  as  a  sort  of  Appendix,  a  descriptioi 
of  '*  a  stupendious  Water-commanding  Engine,  boundles  if 
"  height  or  quantity,  requiring  no  external  or  even  additioBil 
"  help  or  force,  to  be  set  or  continued  in  motion,  bnt  wtt 
"  intrinsically  is  afforded  from  its  own  operation,  nor  yet  d* 
"  twentieth  part  thereof,"  &c.  &c.  It  is  introduced  b  « 
preface,  and  concludes  with  a  Latin  elogiam  and  EngU 
panegyric,  "  composed,  through  duty  and  gratitude,  by  ii 
"  ancient  servant  of  his  Lordship,  (James  RoUock),  who  hidi» 
"  for  40  years,  been  an  eye-witness  of  his  great.  ingenuitT, 
"  indefatigable  pains,  and  vast  expenses  in  perfecting,  f(f 
"  public  service,  not  only  this  most  stupendious  Waier-^GBr 
"manding  Engine,  but  likewise  several  other  rare,  nsefcl 
"  and  never  formerly  heard  of  mathematical  conelusioDS}  d 
"  which  he  hath  owned  a  Century,  and  thereunto  I  refer  yon; 
"  though  this  alone  were  enough  to  eternalise  his  name  to  iB 
"  ages  and  future  times,"  &c.  &c.  The  panegyric  is  heaM 
"  A  Panegyrick  to  the  Right  Honorable  Edward  Lord  Mtf- 
"  quess  of  Worcester,  upon  his  stupendious  and  never  sofi- 
"  ciently-commended  Water- work,"  and  is  as  follows: — 

"  I  know  mean  subjects  need  a  skilful  pen 
"  To  stretch  their  worth  on  Tenter-hooks,  but  when 
•*  A  Theme  falU  out  so  pregnant,  who  can  chuse 
**  But  strain  his  vulgar  Wit  to  prove  a  Muse  ? 

"  Come,  fainting  Pilgrim,  lay  here  down  thy  ]>ack  ; 
"  And,  while  thou  rest«  thy  wearied  limbs,  look  back 
*'  Upon  this  Pageant,  the  Embleme  of  his  mind 
"  Whose  Art  and  Skill  hath  this  our  Age  refined. 
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"  Here  little  David  curbs  the  Gyant's  brood, 
*•  Small  drops  of  Rain  contend  with  Nodh'i  flood ; 
**  One  weighs  a  thousand  coming  down  apace, 
"  Weighs  but  himself  when  he  hath  run  his  race. 

*'  The  Heavens  admire,  the  Centre  stands  amazed, 
**  To  see  such  Streams  by  so  small  Forces  raised. — 
**  Great  is  the  Work,  but  greater  is  the  Fame 
•*  Of  that  great  Peer,  who  did  invent  the  same. 

**  What  Force  or  Strength  can  do,  is  in  his  reach  ; 
**  His  long  Experience,  Costs  and  Charges  teach : 
*•  What  Greeks  nor  Romans  ere  could  do,  this  day 
**  Our  noble  Britain  here  hath  found  the  way. 

*•  If  Ages  past  had  bred  you,  we  had  seen 

**  Your  Glorie's  current  run  a  bigger  stream  ; 

*•  But  Art  and  Envy  meeting  face  to  face, 

"  Like  France  and  Spain,  dispute  who  shall  take  place. 

"  None  but  Ignoble  Minds  love  to  detract 
**  From  th'  honour  due  to  such  a  noble  act : 
*•  On  then,  that  After-ages  may  relate 
Your  Service  done  to  Country,  King,  and  State. 


li 


**  And  though  that  envious  Spirits  spit  their  gall, 
"  Your  Noble  Deeds  are  so  well  known  to  all, 
'*  As  if  their  malice  should  take  from  your  Praise, 
**  Your  own  deserts  will  crown  your  head  with  Bayes.'* 

The  Latin  elogium  is  much  to  the  same  purpose,  and 
precedes  the  panegyric.  It  must  be  confessed  that  the  ro- 
mantic address  of  Mr.  Bollock  bears  a  somewhat  close  resem- 
blance to  the  mythical  style  of  the  Marquis ;  the  man  having 
been  evidently  infected  by  what  cruel  critics  might  term 
the  vapouring  of  the  master.  But,  on  the  other  hand,  the 
expressions  in  the  third  stanza  are  wonderfully  descriptive 
of  the  powerful  action  of  steam  in  raising  water,  as  well  as 
of  its  condensation  when  its  work  is  done. 

(4.)  In  the  translation  of  the  Travels  in  England  of  Cosmo 
de  Medicis,  Grand  Duke  of  Tuscany,  published  in  1821,  it  is 
stated  that  "  on  the  28th  May,  1699,  his  Highness  saw  at 
"  Vauxhall  an  hydraulic  machine,  invented  by  my  Lord 
"  Somerset,  Marquess  of  Worcester.     It  raises  water  more 
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"  than  forty  gcometiicil  feet  by  the  power  of  one  man  odj; 
'^  and  in  a  rery  diort  space  of  time  will  draw  np  four  Tendi 
**  of  watiE-r.  thmtogh  a  tube  or  channel  not  more  than  a  qia 
*•  in  width." 

The  two  a':!Oi>ant$  of  the  performances  of  the  enginei  Aa 
one  by  the  Marqois.  and  the  other  by  the  Dnke,  or  la 
Secretarv.  f'the  celebrated  3Easalotti  k  who  wrote  the  Jonml 
are.  in  the  essential  point  of  numerical  appreciation  of  tlie 
power,  abnt'jst  wfiatim  the  same :  and  it  is  not  improbiUe 
that,  to  ensure  greater  accnracy,  the  one  might  be  cqM 
from  the  other.  This,  howerer,  we  have  been  led  to  imagiBB 
Bolelv  from  their  extraordinarv  similarity,  and  from  our  not 
having  met  with  a  description  of  the  engine  in  any  other  coi- 
temporary  work. 

So  hard  is  it  to  discover,  from  such  accounts,  the  true  stale 
of  the  case,  that  on  the  question  of  Lord  Worcester's  execo- 
tjon  of  any  steam-engine,  there  has  ahvays  prevailed  great 
diversity  of  opinion.  Nay,  we  even  find  one  author,  of  Teiy 
considerable  ingenuity,  and  of  extensive  though  not  always 
accurate  research,  in  one  of  his  works  thinking  it  clear,  fof 
various  reasons  which  he  assigns,  that  this  hydraulic  machine 
must  have  been  some  species  of  steam-engine;  and,  pro- 
bably, the  identical  "  most  stupendious  Water-commanding 
"  Engine :"  *  while  in  another  work,  published  not  long 
before,  he  had  said  that  the  "'Century  of  Inventions'  w 
"  called  by  Walpole,  with  much  truth,  an  amazing  piece  of 
"  folly,"  and  had  unmercifully  ridiculed  "  the  overwhelming 
"  quackery  of  the  Marquis  of  Worcester,  and  the  absuid 
"  extravagance  of  his  pretensions."  f 

We  must  not  omit  the  tradition  which  attributes  the  origin 
of  the  steam-ideas  of  the  Marquis  to  the  period  of  his  impri- 
sonment in  the  Tower  of  London.  His  captivity  there,  wluch 
was  of  several  years'  duration,  began  in  16(55,  when  he  was 
arrested  while  on  a  mission  from  Charles  II.,  who  was  tlien 


*  Higtorical  aiid  Descriptive  Anco-  t  Doscriptive  Hi&itory  of  theStc«m- 
cloteu  of  Steam- engines,  by  K()l)ort  engine,  by  Robert  Stimrt.  London, 
Btiuirt.    London,  1829,  vol.  i.  1824. 
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residing  at  the  Court  of  France,  and  had  sent  him  over  to 
"England  to  procure  money  and  secret  intelligence ;  articles 
of  both  of  which  the  exiled  monarch  was  at  that  time  very 
destitute.  It  is  said  that  the  Marquis,  "  in  those  deep  soli- 
**  tudes  and  awful  cells,"  one  day  observed  the  lid  of  the  pot  in 
which  his  dinner  was  cooking  suddenly  rise,  forced  up  by  the 
Tapour  of  the  water  wliich  the  fire  had  heated ;  or,  in  other 
words,  by  steam.  "  Then  it  occurred  to  him  that  the  same 
**  force  which  had  lifted  the  lid  might  become,  in  certain  cir- 
*  cumstances,  a  useful  and  convenient  moving  power :"  and 
hence — so  runs  the  story — arose  the  *  Century  of  Inventions,* 
with  its  steam-engine  all  ready-made  and  acting ; — at  least  in 
the  mind  of  its  contriver ! 
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CHAPTER  X. 

COMPABATIVE  CLAIMS  OF  SOLOMON  DE  CAUS  AND  THB  MABQCU  <f 
WORCESTER  —  NATIONAL  CONTBOVEBST  —  LBTTEB  FBOM  MARIOS  M 
L*OBME  PUBLISHED  BY  MISS  C06TELL0  —  EXPOSURE  OF  ▲  FRAUODUff 
1MP08TUBE  —  PHnX)S0PHICAL  DIBCOVEBIES  OF  THB  SEVENTKEKTH  G0- 
TUBY — GALILEO  —  TOBBICELLI — PASCAL  —  OTTO   DE   QUEBICKX. 

The  comparative  claims  of  Solomon  De  Caus  and  of  tbe 
Marquis  of  Worcester  have  been  a  favourite  S(ubject  of  fr 
cussion  with  many  writers  in  both  France  and  England,  tk 
countrymen  of  the  one  and  of  the  other  respectively.  V« 
say  their  countrymen ;  for,  although  De  Caus  pnblidied  his 
book  *  Les  Raisons  des  Forces  Mouvantes '  at  Frankfort,  and 
was  for  some  time  in  the  service  of  Henry,  Prince  of  Wales, 
at  Richmond,  and  afterwards  of  the  Elector  Palatine  at 
Heidelberg,  who  married  the  Princess  Elizabeth  of  England, 
he  yet  writes  in  French,  calls  himself,  in  the  Dedication  of 
the  first  part  of  that  work  to  Louis  XIII.,  a  subject  of  that 
monarch,  and  is  also  styled  his  subject  in  the  Privilege 
granted  to  his  publication.  But  his  principal  works  were 
published,  either  in  London,  (*  La  Perspective  avec  la  Baisos 

*  des  Ombres  et  Miroirs,  1612 '),  or  "  beyond  the  Rhine,* 
(*  Les  Raisons  des  Forces  Mouvantes,  1613,  en  la  boutiqne 

*  de  Jan  Norton,  Libraire  Anghis ') ;  and  it  is  sufficiently 
singular  that  the  distinguished  patronage  which  he  frequently 
and  gratefully  acknowledges  was  conferred  on  him  by  the 
Roytd  Family  of  this  country ;  which,  in  all  that  relates  to 
mechanical  science,  seems  then,  as  now,  to  have  asserted  a 
proud  pre-eminence. 

In  the  national  competition  as  to  those  two  ingenious  pro- 
jectors, De  Caus  had  clearly  the  priority  in  point  of  time,  by 
a  whole  half-century.  But  then  he  is  not  even  alleged  ever 
to  have  applied  his  hollow  ball  and  tube,  or, — to  dignify 
them  by  a  name  which  they  could  hardly  claim, — his  boiler 
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and  steam-pipe,  to  any  purpose  of  utility ;  and  in  all  proba- 
bility he  never  either  executed  them  on  a  great  scale,  or 
attempted  to  regulate  the  force  which  on  a  small  scale  he 
may  have  been  able  so  to  exert.  The  engine  devised  by 
Lord  Worcester,  on  the  other  hand,  if  we  are  to  believe  the 
concurrent  testimony  of  his  own  description  and  prayer, — of 
the  correspondence  between  his  widow  and  her  confessor, — 
of  the  panegyric  of  his  servant  Bollock,  and  of  the  account 
given  by  Duke  Cosmo  de  Medicis  and  his  Secretary  Maga- 
lotti, — would  appear  to  have  been  at  last  executed  on  a  scale 
large  enough  to  produce  very  considerable  hydraulic  effects ; 
and,  although  we  must  probably  ever  remain  ignorant  of  the 
precise  manner  in  which  it  acted,  still  there  is  no  doubt  that 
the  language  used  by  all  parties  in  regard  to  it  could  best  be 
explained,  by  supposing  that  steam,  in  some  one  or  more  of 
its  manifold  ways  of  operation,  was  its  moving  power. 

Considering  the  uselessness  of  the  contrivance  of  De  Cans, 
and  the  doubtfulness  existing  as  to  that  of  the  Marquis,  it  is, 
indeed,  only  surprising  that  "  the  invention  of  the  steam- 
"  engine "  should  have  been  attributed  to  either  of  them, 
with  such  confidence  as  both  French  and  English  writers 
have  alternately  shown.  So  long,  however,  as  the  little 
national  rivalry  was  characterised  by  a  due  regard  to  con- 
troversial fairness,  there  was  nothing  either  unpleasing  in  its 
aspect,  or  likely  to  prove  hurtful  in  its  consequencea  But 
in  all  such  controversies,  whether  scientific  or  literary,  where 
either  national  or  personal  glory  is  concerned,  the  first  requi- 
site is  tliat  they  be  conducted  with  a  strict  regard  to  truth 
and  justice;  that  no  false  weapons  be  used,  no  foul  blows 
dealt,  nor  unfair  advantage  taken ;  and  that, — as  a  natural 
corollary  from  such  propositioas, — where  these  rules  have 
been  infringed,  defeat  and  ignominy  deserve  to  be  the  result. 
These  remarks  may  appear  severe;  but  we  shall  leave  our 
readers  to  judge,  after  having  perused  the  following  state- 
ment, whether  they  are  uncalled  for. 

In  a  work  entitled  '  A  Summer  amongst  the  Bocages  and 
*  the  Vines,'  published  in  1840,  by  Miss  Louisa  Stuart 
Costello,  a  lady  favourably  known  to  the  world  by  several 
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of  her  ^Titings,  appears  the  following  letter,  which  she  stato. 
without  hinting  a  suspicion  of  the  truth  of  the  statement,  to 
have  been  written  by  Marion  de  rOrme,  in  1641,  toM.de 
Cinq  Mars.  Mademoiselle  de  TOrme,  we  need  scarcely  infonn 
our  readers,  was  a  lady  whoso  name  only  t^^o  frequently 
occurs  in  the  scandalous  annals  of  the  Court  of  Louis  XIII. ; 
and  Cinq  Mars  was  the  hapless  d'Effiat,  at  one  time  the 
youthful  favourite  of  that  monarch,  but  also  too  well  known 
by  the  recklessness  of  his  life,  and  the  tragic  fate  which  early 
befell  him.  There  is,  we  believe,  little  doubt  that  between 
d'EfBat  and  Marion  de  TOrme  there  were  certain  passage 
of  love,  of  which  many  curious  anecdotes  have  Wen  pre- 
served ;  and  so  far  there  appeared  to  be  some  foundation  on 
which  the  sui)erstructure  of  the  following  letter  might  fairly 
rest. 

"  My   dear  EfFIAT,  "PariB.  Fob.lWl. 

"  WhUe  you  are  forgetting  me  at  Xarlx>nne,  and 
"  giving  yourself  up  to  the  pleasures  of  the  Court  and  the 
"  delight  of  thwarting  M.  le  Cardinal  de  Richelieu,  I,  accoiti- 
"  ing  to  your  express  desire,  am  doing  the  honours  of  Paris 
"  to  your  English  lord,  the  Marquis  of  Worcester ;  and  I 
"  carry  him  about,  or,  rather,  he  carries  me,  from  curicbity 
to  curiosity,  choosing  always  the  most  grave  and  serions. 
speaking  yotv  little,  listening  with  extreme  attention,  and 
"  fixing  on  those  whom  ho  interrogates  two  large  blue  eyes, 
"  which  seem  to  pi(?rce  to  the  very  centre  of  their  thoughts. 
"  He  is  remarkable  for  never  being  satisfied  with  any  ex- 
planations which  are  given  him ;  and  he  never  sees  things 
in  the  light  in  which  they  are  shown  him :  you  may  judjre 
of  this  by  a  visit  we  made  together  to  Bicetre,  where  he 
"  imagined  he  had  discovc;red  a  genius  in  a  madman. 

"  If  this  madman  had  not  lx3en  actually  raving,  I  verily 
"  believe  your  MarquLs  would  have  entreated  his  liberty,  and 
"  have  carried  him  oft'  to  London,  in  order  to  hear  his  extra- 
"  vagances,  from  morning  till  night,  at  his  ease.  We  were 
"  crossing  the  court  of  the  mad-house,  and  I,  more  dead  than 
**  alive  with  fright,  kept  close  to  my  companion's  side,  when 


€€ 


U 
€f 
U 
U 
U 
U 


Chap.  X.  LETTER  OF  MARION  DE  L'ORME.  125 

^  a  frightful  face  appeared  behind  some  immense  bars,  and  a 
"  hoarse  voice  exclaimed,  *  I  am  not  mad !  I  am  not  mad ! 
'  I  have  made  a  discovery  which  would  enrich  the  country 

*  that  adopted  it.'     *  What  has  he  discovered  ? '  I  asked  of 
our  guide.     *  Oh,'  he  answered,  shrugging  his  shoulders, 

•*  *  something  trifling  enough ;  you  would  never  guess  it ;  it 
**  *  is  the  use  of  the  steam  of  boiling  water.'  I  began  to 
laugh.  *  This  man,'  continued  the  keeper,  *  is  named  Salo- 
'  mon  de  Cans ;  he  came  from  Normandy,  four  years  ago, 

*  to  present  to  the  King  a  statement  of  the  wonderful  effects 

*  that  might  be  produced  from  his  invention.     To  listen  to 

*  him,  you  would  imagine  that  with  steam  you  could  navi- 

*  gate  sliips,  move  carriages,  in  fact,  there  is  no  end  to  the 

*  miracles  which,  he  insists  upon  it,  could  be  performed. 
"  *  The  Cardinal  sent  the  madman  away  without  listening  to 
**  *  him.  Salomon  de  Cans,  far  from  being  discouraged,  fol- 
"  *  lowed  the  Cardinal  wherever  he  went,  with  the  most 
**  *  determined  perseverance ;  who,  tired  of  finding  him  for 
"  *  ever  in  his  path,  and  annoyed  to  death  with  his  folly, 
"  *  ordered  him  to  be  shut  up  in  Bicfetre,  where  he  has  now 
"  '  been  for  three  years  and  a  half,  and  where,  as  you  hear, 
"  '  he  calls  out  to  every  visitor  that  he  is  not  mad,  but  that 

*  he  has  made  a  valuable  discovery.     He  has  even  written 

*  a  book  on  the  subject,  which  I  have  here.'  * 

"  Lord  Worcester,  who  had  listened  to  this  account  with 
"  much  interest,  after  reflecting  a  time,  asked  for  the  book, 
"  of  which,  after  having  read  several  pages,  he  said,  *  This 
"  *  man  is  not  mad.  In  my  country,  instead  of  shutting  him 
"  *  up,  he  would  have  been  rewarded.  Take  me  to  him,  for 
"  *  I  should  like  to  ask  him  some  questions.'  He  was  ac- 
cordingly conducted  to  his  cell,  but  after  a  time  he  came 
back  sad  and  thoughtful.  '  He  is,  indeed,  mad  now,'  said 
"  he ;  *  misfortune  and  captivity  have  alienated  his  reason ; 
**  *  but  it  is  you  who  have  to  answer  for  his  madness :  when 
"  *  you  cast  him  into  that  cell,  you  confined  the  greatest 
**  *  genius  of  the  age.'     After  this  we  went  away,  and,  since 


*  Here  Mifis  Costello,  in  a  note,  adds  the  title  of  De  Cuus*  book. 


It 
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*^  that  time,   he  has  done    nothing    but   talk   of  Sftlomoi 

"  de  Cans, 

"  Adieu,  my  dear  friend  and  faithful  Henry.  Make  hi^e 
and  come  back,  and  pray  do  not  be  so  happy  where  yon  an 
as  not  to  keep  a  little  love  for  me. 

"  AIarion  Delorme.** 

To  us,  we  confess,  it  always  appeared  that  tliis  letta 
smacked  very  strongly  of  having  been  concocted  in  the  niM- 
teenth  century ;  and  we  now  beg  to  inform  those  of  our 
readers  who  might  at  first  have  been  disposed  to  think  US- 
ferently,  that  it  is,  throughout,  an  attempt  at  an  impudent  aod 
fraudulent  imposture.  So  far  from  "  your  English  lord,  tke 
"  Marquis  of  Worcester,"  having  then  been  in  Paris,  dangling 
at  the  apron-string  of  **  that  sweet  saint,"  Mademoiselle  de 
rOrme,  and  choosing  to  appear  everywhere  in  public  with  so 
virtuous  a  young  lady,  "  listening  with  extreme  attention," 
"  fixing  on  thoso  whom  he  interrogates  two  large  blue  eyes,'* 
reading  the  book  of  Do  Caus,  of  wliich  the  keej)er  of  the 
madhouse  so  naturally  had  a  copy  in  readiness  for  accideotal 
visitors,  &c.  &c.  «S:c.,  there  was  not,  and  tliere  never  had  been, 
at  the  date  of  the  letter  in  question,  either  in  France  or  ia 
England,  any  such  person  as  a  ^farquis  of  Worcester  at  all, 
nor  was  there  any  such  title  as  that  Marquisate  in  existence! 
Further,  the  first  peer  who  Ixire  that  title  was  not  the  3Iarquu 
of  Worcester  of  steam-eugine  fame ;  and  the  latter  did  not 
become  either  Earl  or  Marquis  of  Worcester  for  years  aftei 
the  date  of  the  alleged  interview  with  De  Caus,  from  whicl 
"  he  returned"  so  "  sad  and  thoughtful ! " 

Henry,  fifth  Earl  of  Worcester,  was  not  created  a  Marqni 
till  1 642,  when  his  son  Edward,  the  author  of  the  •  Centur 
•  of  Inventions,'  was  known  as  Lord  Herbert  Edwanl,  Lon 
Herbert,  was  created  Earl  of  (ilamorgan  in  1645  ;  and  on  tb 
death  of  his  father,  the  first  Marquis,  who  died  at  the  venc 
rable  age  of  eighty-five  years,  ho  succeeded  to  the  Earl 
dom  and  ^larquisate  of  Worcester.  The  second  Marqni 
(lied,  we  may  add,  (although  that  date  is  not  materia 
to  our  present  purpose),  on  the  3rd  of  April,  1667,  and  i 
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interred  in  the  cemetery  of  the  Beaufort  family  in  Eagland 
church. 

We  are  far  from  accusing  Miss  Costello  of  having  been  a 
willing  accomplice  in  the  literary  fraud  which  we  have  thus 
had  the  satisfaction  of  exposing  as  it  deserves.  That  lady 
will  no  doubt  now  regret  having  been  an  involuntary  instru- 
ment in  giving  currency  to  the  forged  document  which  ap- 
pears to  have  been  palmed  oflf  upon  her:  for  she  thereby 
stamped  it  with  an  apparent  mark  of  truth,  which,  without 
such  authority,  it  might  never  have  received ;  but  which,  for 
the  long  space  of  seventeen  years,  has  enabled  it  to  impose 
upon  various  writers  in  this  country,  of  more  or  less  note, 
as  well  as,  inferentially,  on  some  at  least  of  their  readers. 
It  is  only  surprising  that  a  lady  accustomed,  in  a  consider- 
able degree,  to  historical  research,  and  herself  well  skilled 
in  all  the  more  honoiu*able  part  of  the  craft  of  authorship, 
ahould  have  suffered  herself  to  be  so  grossly  deceived ;  but 
the  lesson  will  not  be  lost  if  it  teaches  her  or  others  for  the 
future  to  receive  with  more  caution  those  fragments  of  in- 
formation which,  whether  on  this  or  on  the  other  side  of  the 
Channel,  may  be  too  readily  offered  to  their  notice.  We  also 
think  that,  after  what  we  have  stated,  Miss  Costello  is  bound,  in 
self-justification,  to  make  a  public  statement  of  the  way  in 
which  she  obtained  the  fabricated  letter,  and  the  grounds  on 
which  she  relied  in  believing  it  to  be  genuine. 

The  well-known  motto  of  the  Edinburgh  Review  has  been 
from  its  commencement,  more  than  half  a  century  ago, 
^  Judex  damnatur  cum  nocens  absolvitur ;"  and  in  general 
the  writers  in  it  have  not  been  accused  either  of  undue  excess 
of  lenity,  or  of  any  deficiency  of  critical  acumen.  Yet  one 
of  their  number,*  deluded  by  the  Costello  fable,  talks  of 
**  Solomon  de  Cans,  who,  as  his  countrymen  say,  communi- 
"  cated  the  discovery  of  the  steam-engine  to  the  Marquis  of 
"  Worcester."  Hans  Christian  Andersen,  the  well-known 
author  of  many  lively  Danish  tales,  has  shared  in  a  like  cre- 


•  Edinburgh  Review,  No.  171,  for  January,  1847,  Review  of  Lurine  §  work 
'  Lea  Rues  de  Paris.* 
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dulity,  and  says  tliat  "  Solomon  de  Cans,  the  discoverer  d 
*^  steam,  was  a  remarkable  man,  far  before  the  age  he  lired 
"  in,  and  therefore  confined  in  a  madhouse;"  *  the  anthoritr 
for  De  Cans'  lunacy  and  imprisonment  being  just  tlie  saw 
as  for  the  Marquis  of  Worcester  having  been  in  Paris,  in  oo»- 
pany  with  Marion  de  TOrme,  in  February,  1641.  The  apo- 
cryphal legend  also  figures  conspicuously,  (without  any  rrf* 
ence  being  made  to  the  work  of  Miss  Costello),  in  no  feitf 
than  three  successive  editions  of  the  *  Life  of  George  Stephah 
*  son,  Railway  Engineer,  by  Samuel  Smiles  :' — "  SoIooMi 
"  de  Cans,"  says  Mr.  Smiles,  "  who  was  shut  up  for  hi 
^  supposed  madness  in  the  Bicetre  at  Pans,  seems  to  havv 
"  been  the  first  to  conceive  the  idea  of  employing  steam  fir 
moving  carriages  on  land  as  well  as  ships  at  sea.  Maiioe 
de  rOrme,  in  a  letter  to  the  Marquis  de  Cinq-Mars,  dated 
Paris,  February,  1641,"  &c. ;  and  then  follows  the  greater 
portion  of  Miss  de  TOrme's  precious  billet-doux.  "It  ajh 
pears,"  adds  Mr.  Smiles,  "  that  the  Marquis  of  Worcest€f 
was  greatly  struck  by  the  appearance  of  De  Caus,  and 
afterwards  studied  his  book,  portions  of  which  he  em- 
"  bodied  in  his  *  Century  of  Inventions.' "  This  must  be  all 
very  entertaining  to  tlie  wicked  wag  who  palmed  oflf  on  Mia 
Costello  the  hoax  which  has  met  With  such  easy  victims ;  bat 
we  hope  that  henceforth  the  letter  in  question  may  no  longer 
be  looked  upon  with  so  much  greater  respect  than  it  deserres, 
as  a  source  of  historic  truth. 

The  few  years  before  and  after  the  middle  of  the  seven- 
teenth century  form  a  most  brilliant  era  in  the  history  of  da- 
coveries  in  natural  pliilosophy;  and,  quite  independent  rf 
the  hydraulic  machine  invented  by  the  Marquis  of  Worcester, 
some  great  advances  were  made  at  that  time,  by  philosophers 
whose  names  have  not  usually  been  associated  with  the 
steam-engine,  towards  the  riglit  explanation  of  principles  on 
which  its  action  was  at  first  to  depend,  as  well  as  towards 
the  construction  of  the  apparatus. 


•  *  To  Be  or  Not  to  Bo/    TraoBlatcd  from  tho  Danifih  hy  Mrs.  Biuhby, 
1857,  p.  187. 
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Galileo,  in  1640-41,  surmised  the  true  nature  of  a  vacuum, 
and  of  the  pressure  of  the  atmosphere.  His  pupil  Torrieelli, 
pursuing  the  subject  after  the  deatli  of  Galileo,  invented  the 
barometer,  and  proved  the  theory  in  1643.  Pascal,  hearing  of 
it^  as  he  says,  at  Rouen,  published,  in  1647,  his  *  Nouvelles 
'  Experiences  touchant  le  Vuide,'  confirming  the  deductions  of 
the  Italian  philosophers ;  and  he  caused  to  be  made,  in  1648, 
the  memorable  experiment  of  the  Puy  de  Dome,  thereby  esta- 
blishing the  variation  in  the  pressure  of  the  atmosphere  at 
different  heights,  which  Descartes  had  before  conjectured : — 
"  Ce  qui  nous  ravit  tous,"  says  M.  Perier,  who,  at  Pascal's 
request,  made  the  experiment, — in  s})eaking  of  the  pheno- 
menon observed  in  it, — "  d'admiration  et  d'etonnement."  He 
further  developed  the  theory,  in  1653,  by  many  experiments, 
which  were  not  published  until  1663,  a  year  subsequent  to 
his  death,  in  his  '  Traitez  de  TEquilibre  des  Liqueurs  et  de 

*  la  Pesanteur  de  la  Masse  de  TAir.' 

Otto  de  Guericke  had  in  the  meantime  applied  himself  to 
the  same  subject,  and  invented  an  air-pump,  the  effects  of 
which  he  exhibited  to  the  assembled  Gennan  Princes  at  the 
Diet  of  Batisbon  in  1654.  An  account  of  this  was  published 
by  Gaspar  Schottus,  first  in  liis  book  *De  Arte  Mechanic^ 

*  Hydraulicopneumatica,'  in  1(557,  to  which  it  forms  an  ap- 
pendix; and  afterwards,  with  several  additions,  as  Guericke 
has  informed  us,  in  his  *  Teehnica  Curiosa,'  Norimb.  1664, 
4to.  Robert  Boyle  passed  some  time  at  Florence  in  1642,  in 
which  year  Galileo  died  at  a  neighbouring  village ;  he  pub- 
lished, in  1660,  *  New  Experiments  upon  the  Spring  of  Air,' 
and  described  therein  an  air-pump  he  had  invented  two  or 
three  years  before,  and  which  had  been  improved  by  Hooke. 
The  experiments  of  the  Accademia  del  Cimeuto,  which  are 
very  full  upon  this  subject,  were  published  at  Florence  in 
1666.  Otto  Guericke  did  not  himself  publish  until  a  later 
period ;  for  although  he  states  in  the  preface  to  his  work  en- 
titled *Experimenta  Nova  Magdeburgica  de  Vacuo  Spatio,' 
that  it  was  completed  on  the  14th  of  March,  1663,  yet  he 
adds,  that,  partly  in  consequence  of  illness,  and  partly  from 
other  occupations,  a  delay  of  seven  years  occurred  in  placing 
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it  before  the  world.  It  was  at  last  published  at  Amsterdin 
in  1G72 ;  and  its  appearance  then  seems  to  have  been  in  put 
owing  to  the  exertions  of  certain  illustrious  friends  of  Hi 
author.  Looking  at  chapters  27  and  28  of  book  IL,  and  al 
the  iconismi  numbered  xiv.  and  xv.,  where  Guericke  de- 
scribes and  delineates  a  cylinder  with  a  packed  piston  anl 
rod,  and  states  his  mode  of  forming  a  vacuaniy  by  extracdag 
the  air  under  the  piston  by  means  of  his  air-pump,  and  tin 
producing  a  power  for  raising  weights  by  the  pressure  of  ^ 
atmosphere,  we  observe  a  great  similarity  to  the  apparatviB 
which  Papin,  several  years  later,  when  residing  at  Marte^ 
formed  his  vacuum  by  the  condensation  of  steam.  Indeed  i« 
think  it  quite  evident  that  the  Marburg  Professor  not  ob^ 
borrowed  the  form  of  the  apparatus,  but  took  the  novel  idei 
of  using  the  pressure  of  the  atmosphere  as  a  patoer^  from  tkB 
far-famed  burgomaster  of  Magdeburg.  Germany  thus  clai» 
a  share  in  the  invention  of  The  Great  Machine,  as  it  k 
called,  by  just  anticipation,  in  the  letter  to  the  Marchio'Mw 
of  Worcester  from  her  confessor. 

The  notion  of  the  existence  of  such  a  thing  as  a  vacuum,— 
which  the  old  doctrine  had  taught  that  "  Nature  abhorred,"— 
and  the  right  explanation  of  its  true  nature ;  the  constmctioB 
and  use  of  the  air-pump ;  the  cylinder  with  its  piston-rod,  and 
piston  packed  so  as  to  be  air-tight  although  moveable  in  the 
cylinder,  and  with  its  upper  surface  exposed,  so  that  the  air 
should  act  on  it  as  a  power,  when  the  close  cylinder  beneath 
was  exhausted ;  are  all  so  many  distinct  steps  towards  the 
formation  of  the  atmospheric  steam-engine  of  last  centoiy: 
which,  under  the  hand  of  Wait,  cast  oflf  altogether  its  de- 
pendence on  the  atmosphere,  and  for  the  first  time  became 
in  every  sense  a  true  steam-engine;  deriving  its  vacomn 
from  the  condensation  of  steam  on  one  side  of  the  piston, 
and  its  power  from  the  impulse  of  steam  on  the  other,  and 
vice  versa,  according  as  the  stroke  made  is  downwards,  and 
upwards,  in  uninterrupted  succession. 
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CHAPTER   XL 

DICNTB    FAPIH  —  HT8    MEMOIB    OF   1690  —  ATTEMPT  TO  FOBM  A   VACUTO 
BT   OUKPOWDEB  —  HIS  SUBSEQUENT   ADOPTION    OF    BAYEBT'S    PBIKCIPLB 

HIS    DIGESTER — MISTAKES    OF     ENGLISH    AND  OF    FBENCH    WBITEBS 

IS     BEGABD    TO     HIS    INVENTIONS  —  TBAN8LATIOK    OF    HIS    PAPEB    OF 
1690. 

We  come  now  to  the  Memoir  in  which  Denjrs,  or  Dionyrim 
Papin,  in  the  year  1690,  availing  himself  of  the  apparatoa  of 
Guericke,  and  of  the  true  ideas. as  to  a  vacaum  and  the 
pressure  of  the  atmosphere,  of  which  we  have  just  been 
speaking,  set  forth  another  important  feict  which  he  had 
observed.  This  was,  that  if  a  close  cylinder  were  filled 
with  steam,  and  the  steam  were  then  allowed  to  condense, 
a  vacuum  would  be  formed  within  the  cylinder ;  and  that, 
consequently,  a  moveable  piston,  fitted  to  the  interior  of  the 
cylinder,  would  then  fall,  under  the  pressure  of  the  atmo- 
sphere ;  just  as  it  did  in  Otto  Guericke's  experiment,  where 
the  vacuum  had  been  formed  by  the  air-pump. 

Fapin  mentions,  in  the  outset  of  his  Memoir,  that  he  had 
applied  steam  to  that  purpose,  in  consequence  of  the  fiulure 
of  a  previous  attempt  he  had  made  to  obtain  a  vacuum  by 
the  explosion  of  gunpowder,  in  the  same  cylinder,  beneath 
the  piston ;  the  explosion  always  leaving  the  vacuum  imper- 
fect, on  account,  as  he  supposed,  of  a  portion  of  the  air 
which  remained,  or,  as  we  should  now  say,  of  the  gases  which 
were  the  products  of  the  combustion.  But  he  proposed  to 
carry  out  his  ingenious  idea  of  forming  the  vacuum  by  con- 
densation, by  the  clumsy,  tedious,  and  unprofitable  expedient 
of  removing  the  fire  from  beneath  the  cylinder,  previous  to 
each  stroke  or  descent  of  the  piston ;  a  method  which  even 
the  greatest  of  his  admirers  among  his  own  countrjrmen 
admits  was  "scarcely  tolerable  even  in  an  experiment  in- 
"  tended  to  verify  the  accuracy  of  a  principle ;"  and  which 
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involved  so  great  an  expense  of  time,  fuel,  and  labour,  as  to 
make  it  confessedly  of  no  use  in  practice. 

To  practice,  accordingly,  Papin  seems  never  to  have 
attempted  to  apply  it,  notwithstanding  the  suggestions  to 
that  effect  contained  in  his  Memoir ;  and  we  also  find  that 
on  the  appearance  of  a  better  invention  for  condensing  the 
steam,  eight  years  afterwards,  Papin  abandoned  his  own 
scheme,  and  betook  himself  to  the  construction  of  an  engine, 
(which,  however,  turned  out  not  to  be  a  good  one),  in  which 
he  made  use  of  the  new  plan.  As  for  the  applications  of  a 
moving-power  which  he  enumerates,  and  wliicli,  if  original, 
would  have  been  ingenious  enough,  he  may  have  found 
them,  and  many  more,  ready  stated  to  his  hand  in  a  book 
published  in  London  in  1601,  entitled,  *  Invention  of  Engines 

*  of  Motion  lately  brought  to  perfection ;  whereby  may  be 

*  despatched  any  work  now  done  in  England,  or  elsewhere, 

*  (especially   works  that    require    strength   and   swiftness), 

*  either  by  wind,  water,  cattel,  or  men,  and  that  with  better 

*  accommodation  and  more  profit  than  by  any  thing  hitherto 

*  known  and  used.'  This  is  in  the  form  of  a  letter  to  Hart- 
lib,  author  of  a  celebrated  Discourse  on  Flanders  Husbandry, 
and  many  other  agricultural  works.  The  unknown  author  of 
the  *  Engines  of  Motion '  says,  "  I  have  already  erected  one 
"  little  engine,  or  great  model,  at  Lambeth."     See  Stuart's 

*  Anecdotes  of  Steam-Engines,'  pp.  77-79,  where  it  is  suggested 
that  the  author  may  have  been  the  Marquis  of  Worcester. 

The  best  methods  of  applying  the  power  to  those  various 
mechanical  processes,  which  both  Papin  and  his  great  advo- 
cate M.  Arago  have  treated  as  difficulties  of  a  very  secondary 
kind,  have  in  reality  proved  far  otherwise ;  they  have  exer- 
cised the  ingenuity  of  the  most  eminent  engineers  for 
upwards  of  a  century  and  a  half;  and  without  their  solution 
no  mechanical  power,  however  great,  could  be  deemed  of 
very  much  use  to  the  world.  The  perfection  in  all  kinds  of 
mechanism  of  which  our  country  now  can  boast,  has  not 
been  attained  without  incessant  and  most  praiseworthy 
exertion;  and  it  is  melancholy  to  consider  how  many  per- 
sons, respectable  alike  for  their  talents  and  character,  have 
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gank  under  the  difficulty  of  contriying  those  practical  appli* 
cations  which  M.  Arago,  himself  always  most  honourably 
distinguished  in  theoretical  research,  considered  as  having 
been  made  with  so  much  facility.  For,  alas !  ''  persons 
**  whose  whole  life  has  been  devoted  to  speculative  labours, 
^  are  not  aware  how  great  is  the  distance  between  a  scheme, 
**  apparently  the  best  concerted,  and  its  realisation." 

There  is  no  doubt  that  Papin,  who  was  at  one  time  Secre- 
tary to  the  Eoyal  Society  of  London,  was  long  best  known  in 
England  by  his  Digester,  described  by  him  in  the  work  men- 
tioned below;*  which  was  published  in  this  country,  while 
most  of  his  other  writings,  all  of  them  now  more  or  less 
scarce,  were  either  published  abroad,  or  preserved  in  tlie 
form  of  memoirs  in  the  Transactions  of  learned  societies. 
They  are  therefore  inaccessible  to  most  readers,  and  cannot 
be  continuously  examined  by  any  one  without  very  consider- 
able difficulty.  The  Memoir  of  1690,  now  so  much  referred 
to,  long  lay  entombed  in  the  bulky  series  of  the  *  Acta  Erudi- 
*torum  Lipsiae,'  and  in  a  small  work,  a  collection  of  nine  of 
Papin's  short  treatises,  which,  although  printed  in  two  forms, 
viz.  in  Latin  at  Marburg,  and  in  French  at  Cassel,  both  in 
1695,  is  of  such  singular  rarity,  that  it  is  even  doubtful 
whether  a  single  copy  of  it  can  now  be  affirmed  to  be  in 
existence. 

It  is  from  these  circumstances  alone,  we  firmly  believe, 
and  not  from  any  undue  national  partiality,  that  the  real 
claims  of  Papin  to  some  of  his  ingenious  ideas  have  been  so 
long  overlooked ;  and,  from  the  same  cause,  we  now  quite  as 
commonly  meet  with  over-estimates  of  the  degree  of  credit 
which  really  attaches  to  his  experiments,  unavailing  in  prac- 
tice as  many  of  them  may  have  proved  to  be. 

Not  only  some  English  writers,  (as  has  sometimes  been 


♦  *  A  new  Digester  or  Engine  for 
'  softening  bones,  containing  the  de- 
*8cription  of  its   make  and  use  in 

*  these    particulars  :  —  viz.   Cookery, 

*  Voyages  at  sea,  Confectionary,  Mak- 
*ing  of  Drinks,  Chymistry,  and  Dy- 

*  ing.    With  an  account  of  the  Price 

*  a  good  big  Engine  ¥rill  cost,  and  of 


*  the  Profit  it  wiU  afford.    By  Dcnys 

*  Papin,  M.D.,  Fellow  of  the  Royal 

*  Socie^.  London,  printed  for  Henry 
'Bonwicke  at  the  Red  Lyon  in  St. 
•Paul's  Churchyard.  1681.'  It  was 
printed  by  an  order  of  the  Council  of 
the  Royal  Society,  of  Stli  December, 
1680,  (Signed)  Ch«-  Wren. 
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erroneously  supposed),  but  some  of  the   principal  FreoA 
authors  also,  have  betrayed  an  entire  want  of  acquaintanee 
with  Fapin's  Memoir  of  1690,  and  with  the  ideas  soggatod 
in  it ;  and  have  grounded  their  estimate  of  his  merit  as  aa 
inventor  either   on  his  well-known   '  Digegtery     or  on  tie 
inferior  sort  of  steam-engine  which  he  described  in  1707,  or 
on  both  of  those  machines,  but  on  nothing  else  of  a  more 
recondite  or  remarkable  nature.     Tlius  Belidor,  in  his  great 
and  valuable  work  published  in  1739,  says,  "Pour  diieoa 
"  mot  de  Torigine  des  Mctchines  mfies  par  Taction  du  feu.  Foil 
"  s<^ura  que  je  n'ai  trouve  personne  qui  prit  la  eliose  de  plw 
"  loin  que  M.  Papin,  Docteur  en  Medecine,  Professeur  en 
*'  Mathematique  k  jilarbourg,  et  Membre  de  la  Societe  Royak 
"  de  Londres,  dans  la  Preface  d'un  petit  ouvrage,  qui  a  poor 
"  titre :  *  Nouvelle  manihre  d'elever  Veau  par  la  force  du  /«,' 
«  imprime  k  Cassel  en  1707,*'  •  &c.     M.  De  Prony,  in  1790, 
after  referring  to  the  same  work  of  Papin,  says :  "  Nous  ne 
<'  parlerons  pas  de  la  macliine  de  Papin,  qui  est  plus  unpa^ 
"  faite  que  celle  de  Savery ;  la  grande  cel^brite  de  ses  eipe- 
"  riences  sur  la  vapour  est  principalement  fondee  sur  Tusage 
'<  qu'il  en  a  fait  pour  dissoudre  les  os  au   moyen  de  Am 
"  digesteuTj  tres  connu  sous  le  nom  de  marmite  de  Papiti^\ 
&C.  &c.     And  Bossut,  in  1796,  has  followed  a  similar  course; 
speaking  first  of  the  "  marmite  de  Papin,"  as  described  in  his 
work  of  1682,  and  then  of  the  publication  which  appeared,  at 
Cassel,  in  1707.}     While  in  England,  on  the  other  hand, 
Stuart  and  Farey,  in  1824  and  1827,  (not  to  name  other 
writers),  have  both  done  ample  justice  to  all  the  contrivances 
of  M.  Papin  that  could  be  cited  in  connection  with  the  histoiy 
of  the  steame-ngine. 

A  Dr.  Ducoux,  a  physician  at  Blois,  who  some  years  ago 
published  a  pamphlet  on  tlie  life  and  works  of  Papin,§  dwells 
on  the  contents  of  the  latter  with  what  we  cannot  but  term 


•  Bolidor,   •Architecture  Hydrau-      *  miquo/  tomo  ii.  p.  475, 1706. 
•  lique,'  tomo  ii.  pp.  308-310.  §  *  Elogc    Historique    de    Denis 

t  Do    Prony,    •  Architccturo    Hy-      *  Pupin   de  Blois,*  &c.,  pur  le  Dr. 


•  drauliquo,'  tomo  i.  p.  5(56. 
X  Bossut,    *  Tmite    d'Hydnxlyna 


Ducoux.    Blois,  1838. 
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prodigioiis  exaggerations;  as,  for  example,  when  discussing 
the  subject  of  steam-boats,  he  hesitates  not  to  call  Papin 
their  "  inventor,"  and  to  describe  the  English  and  American 
nations  as  a  couple  of  thieves,  who  have  robbed  his  country 
of  her  glory,  and  then  quarrelled  about  the  spoil !  * 

Of  the  ingenuity  of  Papin's  idea  of  forming  a  vacuum  by 
the  condensation  of  steam,  as  well  as  of  the  real  worthless- 
ness  in  practice  of  his  contrivance  for  producing  it,  we  have 
repeatedly,  in  former  works,  expressed  our  opinion; — ^an 
opinion  in  which  we  believe  every  weU-informed  and  impar- 
tial mechanician  of  either  country,  without  exception,  will 
now  entirely  concur.  But  it  could  hardly  have  been  sup- 
pofled  that  a  French  physician  would  have  ventured  to 
utter  such  gross  invectives  against  other  nations,  while  he 
was  himself  in  complete  ignorance  of  the  most  ordinary 
works  of  his  own  countrymen  on  subjects  such  as  those  of 
which  he  professes  to  treat,  and  had  evidently  never  seen  the 
volumes, — nay,  for  all  that  we  know  to  the  contrary,  had 
never  heard  of  the  names, — of  Belidor,  of  De  Prony,  or  of 
Bossut. 

But  perhaps  those  authors  may  congratulate  themselves  on 
the  escape  they  have  made,  in  not  having  been  cited  by  the 
learned  Doctor ;  for  of  those  who  have  in  that  respect  not 
been  so  fortunate,  we  observe  that  some  have  been  treated 
with  little  ceremony.  In  his  pages  Bench  stands  for  Wren  ; 
ffuU  for  Hulls ;  Edwart  for  Edward ;  Thurhi  and  Cramwel 
for  Thurloe  and  CromwelL  The  consonant  which  he  has 
very  unnecessarily  abstracted  from  *^ Fitzgeral''  he  thrice 
also,  unkindly,  denies  to  "  M.  TregoldJ'  Mr.  Eobert  Stuart, 
the  nominal  author  of  a  'History  of  the  Steam  Engine,'  1824, 
as  weU  as  of  the  amusing  *  Anecdotes  of  Steam  Engines,' 
1829,  would,  we  imagine,  be  puzzled  to  recognise  himself 
under  the  title  of  Sir  Robert  Stuart ;  still  more  so  under  that 
of  Sir  Stuart.     And  of  the   orthography   of  the   name  of 


*  "  Lea  Anglais  et  Iciirs  anciens  "  agcur,  le  laiBscraiont  k  I'dcart  pour 

"colons  se  diaputaient  ainsi  noa  d^  "  se  partager  eon  butin."— JWa.   p* 

"  pouillee,  comme  ferait  deux  larrons  61. 
"  qui,  apr^  avoir  detrouasd  un  voy- 
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'^  docteur  Hooch  y'  we  cannot  say  less,  than  that  it  is  a  iiir 
specimen  of  the  accuracy  which  has  superintended  the  pre- 
paration of  the  boock  thus  set  forth  by  **  docteur  Ducooehr 

Dr.  Ducoux  speaks  of  the  English  nation  as  ^'  nos  antago* 
"  nistes  d'outre-mer  ;"  an  expression  which,  as  he  appean  to 
have  been  a  navy  and  army  siu-geon,  we  fear  must  be  held  to 
indicate  some  rather  uncomfortable  associations  still  lurkin; 
in  his  mind.  We  sliall  not,  however,  on  this  occasion  pre- 
tend to  rival  him  in  his  national  animosities ;  nor  to  depl^ 
ciate,  on  account  of  his  trivial  indiscretions,  the  real  greatoefi 
of  his  countrymen  in  science,  in  arts,  and  in  arms.  W« 
rather  hail  with  cordiaUty  the  alliance  which  now  unites  fte 
two  powerful  nations  whom  Nature  has  made  such  near 
neighbours,  and  who  ought  to  be  mutual  friends ;  and  ire 
turn  with  great  satisfaction  to  the  work  of  another  Frend 
author,  which  gained  a  prize  proposed  by  the  Impeml 
Academy  of  St.  Petersburg,  and  in  which  it  is  said  (spiking 
of  the  same  idea  of  Papin),  "  II  paroit  qu'un  de  ceux  a  qui 
"  Ton  en  doit  la  premiere  idee  est  Papin,  Medecin  Fran^cHs, 
"  Professeur  de  Physique  Exp^rimentale  k  Marbourg,  et 
"  Membre  de  la  Soci^te  Royale  de  Londres :  car  outre  que 
"  par  la  fameuse  experience  de  sa  marmite,  il  a  fait  connoitre 
**  la  force  de  la  vapeur,  il  propose,  dans  un  petit  ouvrage 
**  imprime  en  1G95,  la  construction  d'une  nouvelle  pompe 
"  dont  les  pistons  seront  mis  en  mouvement  par  la  vapeur 
"  de  Teau  bouillante ;"  but  it  is  added,  with  equal  justice 
and  modesty,  "  C'etoit  deja  beaucoup  que  de  proposer  cette 
"  idee ;  mais  il  falloit  la  r^liser  et  la  mettre  en  pratique 
"  d'une  manifere  simple  et  commode.  Les  Angloi%  sont  k» 
"  premiers  qui  y  soient  parvenus,'^  * 

Regarding  one  of  the  works  of  Papin, — viz.  his  •  Recueil  de 
*  diverses  pieces  touchant  quelques  Nouvelles  Machines,'  to 
the  excessive  rarity  of  which  we  have  already  alluded,— 
Ducoux,  writing  in  1838,  tells  the  following  story: — "Le 
<•  seul  exemplaire  que  possedait  la  Bibliotheque  Royale  de 


♦  *  Th^rie   des    Machines    mftea      *  Lieutenant   au   Corps   Imperial  et 
'  par  la  force  de  la  Vapeur  de  I'Eau.      ♦  Royal  du  Genie.'     1784 ;  pp  8-10 
•Wr    M.    de    Maillard.    Capitaine- 
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**  Paris,  a  ete  tout  recemment  soustrait  par  un  lecteur,  que  le 
**  bibliothAjaire  a  cm  pouvoir  me  designer  comme  ^tant 
"  Anglais.  Ce  riche  cabinet  le  tenait,  je  crois,  de  M.  Mo- 
**  lard,  membre  de  F Academic  des  Sciences,  qui,  en  1830, 
"  dans  tout  Paris,  en  ^tait  le  seul  possesseur,"  &c.  &c.  We 
can  readily  pardon  our  countrymen  if  they  are  led,  by  the 
mode  in  which  this  tale  is  told,  (but  which  we  are  far  from 
wishing  "pouvoir  designer  comme  etant  vraiment  Frangais^*)^ 
to  entertain  very  considerable  doubts  as  to  its  accuracy. 
Possibly  the  volume  in  question,  like  so  many  more  of  which 
the  "perte"  was  long  so  vehemently, — and,  as  the  event 
showed,  so  unjustly, — laid  upon  the  "  bibliothecaire  "  of  that 
great  library  himself,  may  ere  now  have  reappeared  on  its 
shelves,  and  be  discovered  never  to  have  quitted  them.*  If, 
however,  thLs  hope  should  unfortunately  be  disappointed,  it 
is  plain  that  if  the  "bibliothecaire"  was  in  possession  of 
evidence  sufficient  to  warrant  his  making  such  a  statement, 
it  was  his  unquestionable  duty  to  have  prosecuted  the 
**  soustraiteur "  as  a  thief.  If  otherwise,  every  ^^  lecteur 
"  Anglais  "  may  thoroughly  disregard,  as  unworthy  of  further 
notice,  a  charge  of  such  a  kind,  thus  vaguely  uttered,  with- 
out any  of  those  specific  particulars  which  would  have  been 
requisite  in  order  to  establish  it,  and  therefore, — as  we 
think, — to  justify  its  author  in  making  it;  and  which  is, 
besides,  not  free  from  the  taint  of  a  suspicion  that  it  may 
have  been  dictated  by  illiberal  national  aversion. 

In  his  'Notice  Scientifique  sur  les  Machines  k  Vapeur,'  in 
the  *Annuaire  du  Bureau  des  Longitudes'  for  1830,  M. 
Arago  repeatedly   cites  and  gives  extracts  from  the  *  Re- 

*  cueil  ;*  but  he  has  not  mentioned  whether  the  copy  with 
which  he  was  familiar  was  that  stated  by  Ducoux  to  have 
belonged  to  M.  Molard,  or  whether  Paris  could  then  boast 
of  a  duplicate.     M.  Hachette,  however,  in  his  *  Histoire  des 

*  Machines  k  Vapeur,  depuis  leur  engine  jusqu'&  nos  jours,' 
published  in  March  of  the  same  year  in  which  M.   Arago 

*  See  the  *  A£faire  Libri  ;*  one  set  the  two  succeeding  years  alone,  forms 
of  the  various  pamphlets,  &c.,  pub-  no  fewer  than  twelve  thick  octavo 
lished  in  regard  toiniich,  in  1S49  and      volumes. 
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wrote,  says,  *'  On  ne  connoit  k  Paris  qn'on  seul  exempUire 
''  de  cet  ouvrage,  qui  appartient  k  M.  Molard,  membe  de 
"  r Academic  des  Sciences;"  (p.  55,  note).  This  cireomstaiice^ 
especially  when  coupled  with  Dacoux*s  story  of  the  sal»' 
quent  fate  of  that  copy,  is  certainly  a  carious  yerificatioii  of 
the  remark  which  we  observe  in  the  *  Acta  £nidit(Raini,* 
"  At  cum  opmcida  ejusmodi  f<u:iU  deperdi^  rariti^que  de  nm 
*'  imprimi  soleant ;  "  and  adds  force  to  our  repeated  reqneit 
for  a  complete  edition  of  all  Fapin's  works,  prepared  by  some 
competent  person. 

As,  however,  it  appears  doubtful  whether  we  can  hope  em 
to  see  even  a  single  copy  of  either  of  the  two  editions  of  tke 
*  Recueil,' — of  the  French  one,  i.  e.,  of  Cassel,  or  of  the  Latii 
one  of  Marbiu*g,  both  of  1695, — it  is  satisfactory  to  know  that 
contemporary  accounts  of  the  contents  of  that  work  are  pro* 
served  in  the  *  Acta  Eruditorum  *  for  1G95,  pp.  376-382,  ani 
in  the  *  Philosopliical  Transactions '  for  1697,  p.  483.  It  thence 
•  appears  that  the  *  Kecueil,'  or  *  Fasciculus,'  was  made  op  of 
the  following  separate  papers  or  memoirs :  — 

1.  On  the  Hessian  Pump. 

2.  On  several  ways  of  saving  fuel,  "  chiefly  by  a  coo- 
"  trivance  to  burn  the  smoak,  by  causing  a  draught  of  air  to 
"  come  or  be  forced  down  the  tunnel  of  the  chimney  to  the 
"  fireplace." 

3.  On  "  several  inventions  to  draw  water  out  of  mines  bj 
'*  means  of  some  river  not  far  distant  from  them,  and  this  is 
"  performed  by  the  pressure  of  the  air  to  cylindrical  vessels, 
"  being  alternately  evacuated." 

4.  The  paper  of  1690,  here  translated ;  (see  pp.  140-146, 
ififra,)  "  The  fourth  Letter  shows  a  method  of  draining 
"  mines  where  you  have  not  the  conveniency  of  a  near  river 
"  to  play  the  aforesaid  engine,"  [that,  viz.,  for  drawing  the 
water  out  of  mines  by  means  of  a  neighbouring  river,  and 
the  pressure  of  the  air  on  cylindrical  vessels  alternately 
evacuated] ;  "  where,  having  touched  upon  the  inconveniencj 
"  of  making  a  vacuum  in  the  cylinder  for  tliis  purpose  with 

gunpowder,  he  proposes  the  alternately  turning  a  small 
surface  of  water  into  vapour,  by  fire  applied  to  the  bottom 


it 
i( 
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of  the  cylinder  that  contains  it,  which  yapour  forces  np  the 
plug  in  the  cylinder  to  a  considerable  height^  and  which, 
(as  the  vapour  condenses,  as  the  water  cools  when  taken 
finom  the  fire),  descends  again  by  the  air's  pressure,  and  is 
**  applied  to  raise  the  water  out  of  the  mine." 

5.  Dispute  between  Mr.  Dominique  Gulielmini  and  Mr. 
Fapin  concerning  running  waters. 

6.  Abridgment  of  a  dispute  between  himself  and  the  same 
person  concerning  the  true  estimate  of  powers  or  moving  forces. 

7.  On  instruments  proper  to  preserve  flame  under  water. 

8.  A  description  of  the  diving-bell,  or  "  navis  urinatoria," 
of  Prince  Charles,  Landgrave  of  Hesse.  (This  article  is  men- 
tioned only  in  the  *  Acta  Eruditorum,'  and  omitted  in  the 
*  Philosophical  Transactions ;'  from  which  it  may  perhaps  be 
concluded  that  it  is  contained  in  the  *  Fasciculus '  published 
at  Marburg,  but  not  in  the  *  Recueil '  published  at  Cassel,  of 
which  the  former  is  analysed  in  the  '  Acta,'  and  the  latter  in 
the  *  Phil.  Trans.') 

And,  lastly,  "  The  whole  treatise  concludes  [with]  an 
"  harangue,  which  the  author  made  when  he  was  admitted 
"  professor  of  mathematics  at  Marburgh." 

From  this  analysis  it  appears  tolerably  certain,  that  the 
work  about  which  so  much  has  been  said  contained  in  reality 
nothing  on  the  subject  of  steam  or  a  steam-engine,  excepting 
the  memoir  of  1690,  first  published  in  the  '  Acta  Eruditorum ' 
for  that  year,  and  now  translated  in  these  pages ;  and  that 
even  the  loss  of  every  copy  of  the  *EecueiI,'  or  *  Fasciculus,' 
would  therefore  not  have  the  effect  either  of  invalidating  any 
claims  which  M.  Papin  has  to  be  considered  an  inventor  on 
those  subjects,  or  of  diminishing  the  force  of  the  evidence  by 
which  they  are  supported.  He  undoubtedly  appears  to  have 
been  a  person  who  displayed  very  considerable  ingenuity  on 
those  matters  of  physical  inquiry  to  which  his  attention  was 
directed ;  and  if,  in  the  history  of  the  steam-engine,  justice 
was  for  a  time  measured  out  to  lus  name  and  works  with 
rather  a  sparing  hand,  we  must  confess  that  in  later  times  that 
deficiency  has  been  at  leagt  compensated,  by  the  strenuous, 
and  indeed  somewhat  exuberant,  exertions  of  his  countrymen ! 
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In  the  meantime^  both  as  an  act  of  justice  to  the  memoj 
of  the  ci^vant  Secretaiy  to  the  Boyal  Society,  and  for  the 
convenient  reference  of  our  readers,  we  venture  to  reprint  it 
full  length  a  translation  of  the  paper  published  by  Papinii 
the  'Acta  Eruditorum  Lipsiae'  for  1690,  in  which  we  htw 
endeavoured  to  convey  very  literally  the  sense  of  the  original; 
together  with  a  fac-simile  engraving  on  wood  of  the  figure* 
with  letters  of  reference,  by  which  the  paper  in  the  Leip«^ 
Transactions  is  accompanied.  On  this  paper,  Papin's  ckinn 
to  be  considered  one  of  the  early  inventors  of  the  steam-engine, 
so  eagerly  urged  by  his  countrymen,  principally  depend;  aDd 
it  is,  at  all  events,  an  interesting  record  of  very  considenUe 
ingenuity  on  his  part.  Thus  all  may  have  it  in  their  poirer 
to  judge  for  themselves  how  far  it  does  or  does  not  justify 
the  somewhat  extravagant  conclusions  which  have  somedmes 
been  deduced  from  it. 

As  some  little  further  contribution  towards  the  project  we 
have  commended  to  the  attention  of  some  learned  native  rf 
the  country  which  claims  Papin  as  a  son,  we  also  annex  a  list 
of  his  various  works,  in  so  far  as  known  to  us.*  Without 
professing  to  guarantee  its  absolute  completeness,  we  can  at 
least  ventiure  to  aver  that  it  is  much  more  perfect  than  the 
meagre  one  furnished  by  Ducoux ;  which  indeed  is  deficient 
in  by  far  the  greater  number  of  the  items,  and  erroneous  as 
to  some  of  the  rest. 

"A  New  Method  of  obtaining  very  great  Moving 
"Powers  at  Small  Cost.    By  Denys  Papin-I 

"  In  the  machine  for  a  new  use  of  gunpowder,  wliich  is 
"  described  in  the  *  Acta  Eruditorum '  for  the  month  of  Sep- 
"  tember,  1688,  the  first  desideratum  was,  that  the  gunpowder 
"  fired  in  the  bottom  of  the  tube  A  A  should  fill  the  whole 
"  cavity  with  flame,  so  that  the  air  might  be  entirely  expelled 
"  from  it,  and  the  tube  remain  a  perfect  vacuum  beneath  the 

•  See  Appendix.  in  the  original  Latin,  in  the  •  Origin 

t  Translated  from  tlio  *  Acta  Eru-  *  and    Progress    of   the    Mechanical 

*  ditorum    Lipsioe  *    for    1690,    pp.  *  Inventions  of   Jam^a   Watt,'   1854, 

410-414.    The  paper  is  also  reprinted  vol.  iii.  pp.  139-154. 
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**  piston  B  B.  But  there  it  was  mentioned,  that  the  desired 
**  effect  could  not  be  suflBciently  attained ;  but  that,  notwith- 
**  standing  all  the  precautions  there  specified,  there  always 
**  remained  in  the  tube  about  a  fifth  part  of  the  air  usually 
**  contained  in  it.  Whence  a  twofold  inconvenience  arises : 
**  viz.  1st,  that  in  this  way  we  lose  half  of  the  desired  effect, 
**  so  that  scarcely  can  150  lbs.  weight  be  raised  to  the  height 
*•  of  one  foot,  when  otherwise  300  lbs.  ought  to  have  been 
**  raised,  if  the  tube  A  A  had  been  perfectly  emptied ;  and 
**  2ndly,  that  as  the  piston  gradually  descends,  the  force 
"  which  makes  it  descend  is  itself  diminished,  as  was  also 
**  observed  in  the  passage  already  referred  to.  Thus  we 
have  to  provide,  by  some  contrivance,  that,  as  the  moving 
force  decreases,  the  resistance  may  in  like  manner  de- 
crease, so  that  it  may  be  overcome  by  the  aforesaid  moving 
force  until  the  end :  just  as  in  watches  the  unequal  force 
"  of  the  main-spring,  which  moves  the  whole  machine,  is 
so  regulated  by  art,  that  through  the  whole  of  its  running 
"  down  it  overcomes  the  resistance  of  the  wheels  with  equal 
ease.  But  it  would  be  far  more  convenient  if  the  moving 
force  were  to  remain  always  the  same,  from  the  beginning 
to  the  end.  Some  attempts  have,  therefore,  already  been 
**  made  to  ascertain  how  a  perfect  vacuum  could  be  obtained 
by  the  help  of  gunpowder ;  for  in  this  way,  were  there  no 
air  to  offer  resistance  beneath  the  piston,  the  whole  column 
of  the  atmosphere  pressing  upon  the  said  piston  would  press 
it  with  an  equable  force  down  to  the  bottom.  But  hitherto 
"  such  attempts  have  been  in  vain ;  and  always,  after  the 
flame  of  the  gunpowder  is  extinguished,  about  a  fifth  part 
"  of  the  air  remains  in  the  tube  A  A. 

By  another  way,  therefore,  I  endeavoured  to  attain  the 
same  end ;  and,  since  it  is  a  property  of  water  that  a  small 
"  quantity  of  it,  converted  into  steam  by  the  force  of  heat, 
"  lias  an  elastic  force  like  that  of  the  air,  but,  when  cold 
"  supervenes,  is  again  resolved  into  water,  so  that  no  trace 
"  of  the  said  elastic  force  remains ;  I  felt  confident  that 
"  machines  might  be  constructed,  wherein  water,  by  means 
^  of  no  very  intense  heat^  and  at  small  cost,  might  produce 
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that  perfect  vacuum  which  had  failed  to  be  obtained  by 

*  aid  of  gunpowder.     But  of  the  various  constructions  which 

*  can  be  contrived  for  this  purpose,  the  following  seemed  to 
'  me  to  be  the  most  suitable. 

"  A  A  is  a  tube  of  uniform  diameter  tluroughout,  close  shut 
^  at  tlie  bottom ;  B  B  is  a  piston  fitted  to  the  tube ;  D  D  a 
^  handle  fixed  to  the  piston ;  E  E  an  iron  rod  moveable 
^  round  an  axis  in  F ;  G  a  spring,  pressing  the  cross  rod  E  E, 
'  so  that  the  said  rod  must  be  forced  into  the  groove  H  as 
'  soon  as  the  piston  with  the  handle  has  arrived  at  such  a 

*  height  as  that  the  said  groove  H  appears  above  the  lid  II; 
^  L  is  a  little  hole  in  the  piston,  through  which  the  air  can 

*  escape  from  the  bottom  of  the  tube  A  A,  when  first  the 
^  piston  is  forced  into  it.     The  use  of  this  instrument  is  as 

*  follows : — A  small  quantity  of  water  ib  poured  into  the  tube 

*  A  A,  to  the  depth  of  3  or  4  lines ;  then  the  piston  is  in- 

*  serted,  and  forced  down  to  the  bottom,  till  a  portion  of  the 

*  water  previously  poured  in  comes  through  the  hole  L ;  then 

*  the  said  hole  is  closed  by  the  rod  M  M.     Next  the  lid  1 1, 

*  pierced  with  the  apertures  requisite  for  that  purpose,  is  put 

*  on,  and  a  moderate  fire  being  applied,  the  tube  A  A  soon 

*  grows  warm,  (being  made  of  thin  metal),  and  the  water 

*  within  it,  being  turned  into  steam,  exerts  a  pressure  so 
^*  powerful  as  to  overcome  the  weight  of  the  atmosphere  and 
"  force  up  the  piston  B  B,  tiU  the  groove  H  of  the  handle 
"  D  D  appears  above  the  lid  1 1,  and  the  rod  E  E  is  forced, 
"  with  some  noise,  into  the  said  groove  by  the  spring  G. 
"  Then  forthwith  the  fire  is  to  be  removed,  and  the  steam  in 
"  the  thin  metal  tube  is  soon  resolved  into  water,  and  leaves 
"  the  tube  entirely  void  of  air.  Next,  the  rod  E  E  being 
"  turned  round  so  far  as  to  come  out  of  the  groove  H,  and 
"  allow  the  handle  D  D  to  descend,  the  piston  B  B  is  forth- 
"  with  pressed  down  by  the  whole  weight  of  the  atmosphere, 
"  and  causes  the  intended  movement ;  wliich  is  of  an  energy 
"  great  in  proportion  to  the  size  of  the  tube.  Nor  is  it  to  be 
"  doubted  that  the  whole  weight  of  the  atmosphere  exerts  its 
"  force  in  tubes  so  constructed ;  for  I  have  established  by 
*'  experiment,  that  a  piston,  raised  to  the  top  of  the  tube  by 


ii 


144  LIFE  OP  WATT.  Chaf.1L 

''  the  force  of  heat,  shortly  afterwards  descends  agam  to  tk 
^*  bottom,  and  so  on  alternately  for  a  number  of  times^  w 
*^  that  no  suspicion  can  arise  of  air  pressing  beneath.  Not 
"  my  tube,  the  diameter  of  which  does  not  exceed  2^  incheik 
"  yet  raises  sixty  lbs.  aloft  with  the  same  velocity  as  d« 
"  piston  is  forced  down  into  the  tube,  and  the  tube  itself 
"  scarcely  weighs  fiye  ounces. 

"  I  therefore  have  little  doubt  but  that  tubes  may  be  mua- 
factured,  the  weight  of  each  of  which  would  scarcely  amoutf 
to  40  lbs.,  and  yet  which  could  raise,   at   each  operatkn, 
"  two  thousand  lbs.  to  a  height  of  four  feet.     Moreorer,  I 
"  ascertained  that  one  minute's  time  is  sufficient  for  a  mode 
rate  fire  to  drive  the  piston  in  my  tube  up  to  the  top ;  hot. 
as  the  fire  ought  to  be  proportionate  to  the  size  of  tk 
tubes,  large  tubes  could  be  heated  almost  as  soon  as  smill 
ones :  whence  it  is  clear  what  vast  moving  powers  may  he 
obtained  by  help  of  this  most  simple  contrivance,  and  at 
"  how  small  a  cost.     For  it  is  known  that  the  column  of  air 
pressing  on  a  tube  whose  diameter  is  a  foot,  counterbalaDces 
nearly  two  thousand  lbs. ;  but  if  the  diameter  be  two  feet, 
"  the  weight  would  be  nearly  eight  thousand  lbs.  ;  and  that, 
"  in  other  dimensions,  the  pressure  increases  in  like  maimer 
"  in  the  triplicate  ratio  of  the  diameters.     Hence  it  foDofra, 
"  that  the  fire  in  a  grate  whose  diameter  scarcely  exceeds 
"  two  feet,  might  suffice  to  raise  8000  lbs.  each  minute  to 
"  a  height  of  4  feet,  if  tubes  were  provided  of  such  a  height; 
**  for  a  fire  might  be  made  in  a  grate  of  thin  iron,  to  be 
easily  moved  from  one  tube  to  another,  and  so  the  same 
fire  might  continually  be  preparing  that  most  efBcadons 
"  vacuum  in  one  tube  or  another. 

"  If  any  one  now  will  consider  the  magnitude  of  the  forces 
**  to  be  obtained  in  tliis  way,  and  the  trifling  expense  at 
"  which  a  suflBcient  quantity  of  fuel  can  be  procured,  he  will 
"  certainly  admit  that  this  my  method  is  far  preferable  to  the 
"  use  of  gunpowder  above  spoken  of,  especially  as  in  this  way 
"  a  perfect  vacuum  is  obtained,  and  so  the  inconveniences 
"  above  recounted  are  avoided. 

*^  In  what  manner  that  power  can  be  applied  to  draw  water 
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**  or  ore  from  mines,  to  discharge  iron  bullets  to  a  great  dis- 
**  tance,  to  propel  ships  against  the  wind,  and  to  a  multitude 
"  of  other  similar  purposes,  it  would  be  too  long  here  to 
**  detail ;  but  each  individual,  according  to  the  particular 
"  occasion,  must  select  the  construction  of  machinery  appro- 
priate to  his  purpose.  Here,  however,  I  will  in  passing 
remark,  how  greatly  such  a  power  is  to  be  preferred  to 
common  rowers  for  moving  vessels  in  the  sea ;  for,  1st,  the 
weight  of  the  common  rowers  loads  the  vessel,  and  retards 
its  progress ;  2ndly,  they  require  much  room,  and  so  are  a 
**  great  hindrance  in  the  sliip ;  3dly,  it  is  not  always  possible 
**  to  find  the  requisite  number  of  men ;  4tlily  and  lastly,  the 
**  rowers,  whether  they  are  toiling  on  the  deep,  or  resting 
"  in  harbour,  must  always  be  supplied  with  needful  food, 
**  whereby  the  expenses  are  greatly  increased.  But  my  tubes 
"  would,  as  has  been  already  observed,  have  a  very  small 
weight  to  retard  the  ship ;  would  also  take  up  little  room  ; 
might  also  be  readily  prepared  in  sufficient  numbers,  if 
"  once  a  manufactory  were  built  and  fitted  up  for  that  pur- 
"  pose ;  and,  lastly,  no  fuel  w  ould  be  consumed  for  the  said 
tubes,  excepting  at  the  time  of  the  operation;  while  in 
harbour  they  would  require  no  expenditure. 

But  since  common  oars  could  not  easily  be  moved  by 
siich  tubes,  paddle-wheels  would  have  to  be  employed,  such 
as  I  remember  having  seen  in  a  machine  constructed  at 
London  by  command  of  the  Most  Serene  Eupert  Prince 
Palatine,  wliich  was  put  in  motion  by  horses,  by  aid  of  oars 
of  that  sort,  and  which  left  a  long  way  behind  it  the  Royal 
barge  manned  by  sixteen  rowers.  So,  no  doubt,  oars  fixed 
into  an  axis  could  be  most  conveniently  driven  round  by 
my  tubes,  by  having  the  rods  of  the  pistons  fitted  with 
"  teeth,  which  would  force  round  small  wheels,  toothed  in 
like  manner,  fastened  to  the  axis  of  the  paddles.  It  would 
"  only  be  requisite  that  three  or  four  tubes  should  be  applied 
to  the  same  axis,  by  which  means  its  motion  could  be  con- 
tinued without  interruption ;  for,  while  any  one  piston  might 
be  touching  the  bottom  of  its  tube,  so  that  it  could  drive  the 
"  axis  round  no  further,  before  being  again  propelled  by  the 
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^'  force  of  the  steam  to  the  top  of  the  lobe,  the  bolt  of  another 
"  piston  could  immediately  be  remored,  the  force  of  which  ii 
^'  its  descent  wonld  continue  the  motion  of  the  axis ;  and  8& 
again,  yet  another  piston  conld  be  lowered,  and  exeit  itt 
force  on  the  same  axis,  vhfle  the  pistons  first  pressed  doii 
were  again  being  raised  to  the  top  by  the  force  of  hal, 
and  so  were  gaining  new  force  to  move  the  said  axis,  in  die 
^  manner  above  described.  Bnt  one  grate,  containing « 
^  moderate  fire,  wonld  be  sufficient  to  raise  all  of  thoK 
'^  pistons  in  succession. 

"  Perhaps,  however,  some  one  may  object,  that  the  teeth  of 
''  the  piston-rods,  fitting  into  the  teeth  of  the  wheels,  must  in 
''  their  ascent  and  descent  communicate  opposite  movemeiili 
'^  to  my  axis ;  and  that  so  the  ascending  pistons  would  hinder 
the  movement  of  the  descending  ones,  and  the  descendiif 
pistons  would  hinder  that  of  the  ascending  ones.  But  titf 
"  objection  is  a  very  trifling  one ;  for  nuichine-makos  lie 
"  well  acquainted  with  a  method  whereby  toothed  wheels  i» 
so  fixed  to  an  axis,  that  when  moved  round  in  one  directioB 
they  carry  the  axis  round  with  them,  but  when  going  roand 
in  the  other  direction  they  communicate  no  movement  to  tbe 
"  same  axis,  but  allow  it  to  be  very  freely  turned  round  wift 
"  an  opposite  movement.  The  principal  diflSculty,  therdm 
"  consists  in  findiug  the  manufactory  for  easily  m^ldng  vey 
"  large  tubes,  as  I  have  more  fully  stated  in  the  Acta  Ent- 
"  ditorum  for  September,  1688.  And  for  preparing  that,  this 
"  new  machine  ought  to  supply  no  small  additional  induce- 
"  ment ;  inasmuch  as  it  very  clearly  shows  that  such  veiy 
"  large  tubes  can  be  most  advantageously  employed  fcr 
"  several  important  purposes." 
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CHAPTER  XII. 

THOMAS  8AVERY  —  *  THE  MINEB's  FRIEND  '  —  DESCRIPTION  OP  HIS  STEAM- 
ENGINE —  USES  TO  WHICH  IT  COULD  BE  APPLIED — PAPIN'S  INFERIOR 
IMITATION  OP  IT  —  ESTIMATE  BY  HORSE-POWER — SIR  SAMUEL  MORE- 
LAND  —  NEWCOMEN  AND  CAWLET  —  THEIR  GREAT  IMPROYEMENTS  — 
DESAGULIER8  —  AMONTONS  AND  DALESME  —  8MEATON. 

In  the  contrivance  which  has  thus  made  the  name  of  Papin, 
to  say  the  least,  quite  as  famous  as  it  deserves,  the  vessel  in 
•which  the  steam  was  tediously  generated,  and  then  allowed 
slowly  to  condense,  was  at  once  boiler  and  cylinder ;  and,  so 
long  as  it  continued  to  fulfil  alternately  the  functions  of  both 
of  those  vessels,  it  was  necessarily  unfit  to  do  any  really 
effective  work.  In  order  to  the  accomplishment  of  that  de- 
sideratum, it  was  essential  that  the  steam  should,  on  the  one 
hand,  be  steadily,  continuously,  and  abundantly  produced, 
and,  on  the  other,  that  it  should  from  time  to  time  be  con- 
densed with  at  least  tolerable  rapidity.  The  honour  of 
making  this  great  step  in  advance, — the  first  that  in  fact  led 
to  the  attainment  of  any  really  useful  results  from  the  em- 
ployment of  steam  as  a  motive  power  of  machinery,  and 
which,  therefore,  it  seems  impossible  too  highly  to  com- 
mend,— belongs  entirely  to  an  Englishman,  Captain  Thomas 
Savery.  Of  his  life  and  private  history  but  little  appears 
to  be  kno\vn ;  and  an  enquiry  made  several  years  ago  of  a 
gentleman  of  the  same  name  at  Bristol,  (who  acknowledged 
relationship),  did  not  produce  any  information  or  papers. 

But  of  his  steam-engine  Savery  has  luckily  left  us  a  very 
particular  description,   in    a  work   entitled   *  The   Miner's 

*  Friend,  or  an  Engine  to  raise  Water  by  Fire  described, 

*  and  the  Manner  of  fixing  it  in  Mines,  with  an  Account  of 

*  the  several  other  uses  it  is  applicable  unto ;  and  an  Answer 

*  to  the  objections  made  against  it.     By  Tho.  Savery,  Gent. 

*  Pigri  est  inffenii  contmtum  esse  his  quae  ab  aliis  inventa  sunt. 
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*  Seneca.  Loiulon,  printed  by  S.  Crouch  at  the  comer  rf 
'  Popo's-liead  Alley  in  Comliill.  1702/  The  edition  fem 
whidi  we  copy  this  title  is  of  that  date ;  but  Mr.  Robert 
Stuart,  at  p.  3i  of  his  '  History  of  tlie  Steam-engine/  pab- 
lished  in  1824,  says,  quoting  from  Bobison,  "  Tlie  fact  is- 
"  Savory  obtained  his  patent  in  1698,  after  a  hearing  of 
"  objections ;  *  *  but,  besides  this,  he  Iiad  erected  seTenl 
"  of  his  engines  Ix'fore  he  obtained  his  patent;"  "and,'*  con- 
tinues Mr.  Stuai-t,  "  published  an  account  of  his  engine  in 
"  1G9G,  under  the  title  of  Tlie  Miner's  Friend,  and  a  Diakgut 
"  by  way  of  answer  to  the  objections  which  Iiad  been  mide 

against  it,  in  1(51)9;  both  were  printed  iu  one  volume  a 
1702."  Wc  have  not  seen  the  publication  of  1090;  bntw 
observe  tliat  in  that  of  1702,  he  says  he  worked  a  small  modd 
before  some  members  of  the  Eoyal  Society,  on  the  1 1th  rf 
June,  1099 ;  and  also,  that,  previous  to  the  Koyal  As*nt 
being  obtained  to  the  Patent  and  Act  of  Parliament,  (i.e.  in 
1098),  ho  had  performed  an  experiment  with  a  small  moJeluf 
the  engine  before  the  King  at  Hampton  Court,  to  his 
Majesty's  "seeming  satisfaction  of  the  jx)wer  and  use  of  it'* 
And  he  adds,  that  it  is  "  now  fully  compleated,  and  put  in 
"  practice  in  his  dominions,  with  that  repeated  success  aiwi 
"  applause  that  it  is  not  to  be  doubted  but  that  it  will  l>eof 
"  universal  benefit  and  use  to  all  liis  Majesty's  subjects." 
AMiat   is  most   important  is,  that   the  letter-press  of  *  Tlie 

*  Elinor's  Friend '  is  accompanied  by  a  very  clear  and  suffi- 
ciently well-executed  engraving,  including  two  figures,  each 
of  about  twelve  inches  in  height,  of  which  the  first  represent? 
"  The  Engine  for  raising  Water  by  Fire,"  and  the  st>conJ 
represents  the  same  engine  "  working  in  a  mine."  In  the 
former,  the  various  parts  are  all  delineated  on  such  a  scale, 
that,  with  the  aid  of  the  particular  description  aecomj>anying 
it,  it  is  impossible  to  mistake  either  their  proportion  or  their 
mode  of  action ;  and  of  both  figures  it  may  with  perfect  con- 
fidtjuce  be  asserted,  that  they  are  the  first  representations  to 
be  met  with  in  the  publications  of  any  country,  of  a  rtal 
steam-engine  doing  useful  work. 

Savery's  engine,  as  so  described  and  delineated,  acted  bj 
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two  distinct  principles ;  raising  water,  in  the  first  place,  by 
the  pressure  of  the  atmosphere  forcing  it  into  a  vacuum  formed 
by  the  condensation  of  steam ;  and,  in  the  second,  by  the  ex- 
pansive  power  of  steam.  The  steam  from  the  detached  boiler 
was  let  into  a  vessel  called  a  receiver,  and,  having  driven  out 
the  air,  was  condensed  by  the  affusion  of  cold  water,  and  a 
partial  vacuimi  formed.  A  communication  being  then  opened 
with  a  suction  pipe,  twenty-fonr  feet  in  height,  the  lower  end 
of  which  was  placed  in  a  cistern  or  reservoir  of  water,  that 
water  was  forced  upwards,  by  the  pressure  of  the  atmosphere, 
into  the  receiver.  When  this  was  nearly  filled,  the  commu- 
nication with  the  suction-pipe  was  shut  ofi*,  the  steam  was  re- 
admitted into  the  receiver,  and  by  its  expansive  power  forced 
the  water  contained  in  it  up  an  ascending,  or,  as  he  called  it, 
a  force-pipe.  Tliis  second  operation  is  similar  to  one  of  those 
experimentally  tried  by  Porta,  and  indicated  by  Solomon 
de  Cans ;  and  not  only  indicated,  but  perhaps  practised,  by 
the  Marquis  of  Worcester.  The  prior  operation, — that  of 
raising  the  water  into  a  vacuum  formed  by  the  condensation 
of  steam, — we  believe  to  have  been  original  with  Savery.  For, 
although  both  Porta  and  Papin  had  described  the  principle, 
they  applied  it  in  a  different  manner ;  and  there  is  no  proof, 
or  even  surmise,  of  its  having  been  known  to  Savery  when  he 
invented  his  engine  in  1696,  or  perhaps  sooner.  Indeed, 
Papin,  'with  praiseworthy  candour,  as  quoted  by  Belidor, 
(*  Arch.  Hyd.,'  tome  ii.  p.  309),  \vrites,  "  What  I  say  here  is  not 
"  to  give  room  for  believing,  that  Mr.  Saver)',  who  has  since 
"  published  this  invention  at  London,  is  not  actually  the  in- 
ventor. I  do  not  doubt  that  the  same  thought  may  have 
occurred  to  him,  as  well  as  to  others,  without  having  learnt 
"  it  elsewhere."  When  we  consider  the  whole  of  the  con- 
trivances invented  by  Savery,  as  described  by  himself  in 
*  The  Miner's  Friend,'  we  cannot  but  accord  him  the  praise 
of  very  great  ingenuity,  independent  of  the  merit  of  having 
made  the  first  working  steam-engine,  (if  he  was  not  pre- 
ceded in  that  by  the  Marquis  of  Worcester)  ;  but  at  all  events, 
of  having  been  the  first  who  introduced  it  into  use.  His 
drawing  and  description  in  *  The  Miner's  Friend,'  apply  to  au 
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engine  with  two  receivers ;  but  it  was  soon  altered,  in  p^l^ 
tice,  to  one  receiver,  as  we  have  described  it. 

Switzer,  in  his  'System  of  Hydrostatics  and  Hydraulics,* 
published  in  1729,  says,  p.  325,  "Among  the  several  engina 
"  which  have  been  contrived  for  the  raising*  of  water  for  the 
"  supply  of  houses  and  gardens,  none  has  been  more  justly 
"  surprising  than  that  for  the  raising  of  water  by  fire,  the  jtn- 
"  ticular  contrivance  and  sole  invention  of  a  gentleman  liA 
''  whom  I  had  the  honour  long  since  to  be  well  acquainted; 
"  I  mean  the  ingenious  Captain  Savery,  some  time  since  de* 
"  ceased,  but  tlien  a  most  noted  engineer,  and  one  of  the 
"  Commissioners  of  the  sick  and  wounded. 

"  It  was  a  considerable  time  before  this  curious  person,  who 
"  has  been  so  great  an  honour  to  his  country,  could,  (as  he 
"  liimself  tells  us),  bring  this  his  design  to  perfecticMi,  co 
"  account  of  the  awkwardness  of  the  workmen  who  were  ne- 
"  cessarily  to  be  employed  in  the  affair ;  but  at  last  he  con- 
"  quered  all  difficulties,  and  procured  a  recommendation  of  it 
**  from  the  Koyal  Society,  in  Trans.  No.  252,  and  soon  after, 
"  a  patent  from  the  Crown,  for  the  sole  making  this  engine. 
"  And  I  have  heard  him  say  myself,  that  the  very  first  time 
"  he  played  it,  was  in  a  potter's  house  at  Lambeth,  where, 
"  though  it  was  a  small  engine,  it  forced  its  way  through  the 
"  roof." 

We  think  it  right  to  add  that  the  language  used  bySaveiy 
in  his  *  Miner's  Friend,'  in  treating  of  the  advantages,  whe- 
ther ascertained  or  prospective,  of  his  invention,  presents  a 
great  contrast,  in  point  of  plainness,  simplicity,  and  modesty, 
to  the  more  high-flown  and  extravagant  phrases  in  which  the 
Marquis  of  Worcester  so  unhesitatingly  magnifies  the  bxmi- 
derful  performance  of  his  "  semi-omnipotent "  engine.  Savcay 
was  evidently  a  practical  man,  possessed  of  great  common 
sense  as  well  as  ingenuity ;  and  although  it  woidd  probably 
be  wrong  to  deny  to  Lord  Worcester  the  possession  of  a  good 
deal  of  the  second  of  those  qualities,  it  may  well  be  doubted 
how  far  he  is  entitled  to  claim  any  very  considerable  share 
of  the  first. 

Savery,  in  the  second  chapter  of  liis  *  Miner's   FriencV 
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entitled  "  Of  the  uses  that  this  Engine  may  be  applied  unto," 
enumerates — 1.  The  working  of  mills,  by  raising  water,  after- 
wards to  be  employed  in  a  steady  stream  in  turning  water- 
wheels;  2.  The  supplying  palaces,  or  noblemen's  and  gen- 
tlemen's houses,  with  cistemfulls  of  water,  for  domestic  use 
throughout  the  house,  for  fountains,  or  in  case  of  fire ;  3.  The 
serving  cities  and  towns  with  water ;  4.  The  draining  of  fens 
and  marshes ;  5.  "  I  believe,"  he  says,  "  it  may  be  made  very 
**  useful  to  ships ;  but  I  daie  not  meddle  with  that  matter, 
**  and  leave  it  to  the  judgment  of  those  who  are  the  best 
**  judges  of  maritain  affairs ;"  6.  The  draining  of  mines  and 
coal-pits :  all  of  which  purposes  may,  he  considers,  be  answered 
at  far  less  cost  by  using  his  engine  than  by  employing  horse- 
power. And  with  regard  to  the  last,  he  suggests  that  in  very 
deep  mines  there  miglit  be  a  succession  of  steam-engines 
placed  at  various  depths  in  galleries  leading  &om  the  shafts. 

We  have  already  incidentally  referred  to  Papin  having,  on 
the  appearance  of  Savory's  invention,  abandoned  his  own  idea 
of  1690,  and  proceeded  to  make  a  steam-engine  on  other 
principles,  with  several  variations  from  that  of  Savery  in  the 
construction  of  the  parts.  Belidor,  quoting  from  the  work  of 
Papin  in  1707,  says  that  "  from  the  year  1098,"  (the  date,  it 
will  be  observed,  at  wliich  Savery  is  said  to  have  obtained  his 
patent,  and  two  years  subsequent  to  the  first  publication  of 
the  description  of  his  engine  in  the  first  edition  of  '  The 
*  Miner's  Friend,'  in  1696),  "he  had  made  a  number  of  ex- 
"  periments  by  desire  of  the  Landgrave  Charles  of  Hesse 
**  Cassel,  to  raise  water  by  fire,  which  ho  had  communicated 
"  to  divers  persons,  and  among  others  to  Leibnitz,  who 
''  answered  that  he  also  had  entertained  the  same  idea. 

**  This  work  having  been  interrupted,"  continues  Papin, 
"  would  perhaps  have  been  forgotten,  had  not  Leibnitz,  in  a 
"  letter  of  6th  January,  1705,  done  me  the  honour  to  ask  my 
opinion  of  the  machine  of  Mr.  Thomas  Savery,  of  which  he 
sent  me  ^he  print  made  in  London.  Although  its  construc- 
"  tion  was  a  little  different  from  ours,  and  I  had  not  the 
**  description  sent  me,  I  saw  at  once  that  the  English  machine 
"  and  that  of  Cassel  were  founded  upon  the  same  principle^ 
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"  as  I  showed  to  the  Landgrave ;  which  caused  his  Highlit 
"  to  resume  the  design  of  piLshing  on  this  invention,  whidi 
"  without  doubt,  is  a  Yory  useful  one,  as  will  be  seen  hew 
"  after.  I  can  then  testify,  that  it  has  cost  much  time,  labnoi 
"  and  expense,  to  bring  it  to  its  present  state  of  perfecticii 
"  It  would  be  tedious  to  particularise  all  the  unforeseeu  diffi 
"  culties  met  w-ith,  and  all  the  trials  which  have  turned  ooi 
"  contrary  to  expectation ;  and,  therefore,  I  shall  limit  mysdl 
"  to  making  knoMTi  how  far  what  we  now  have  is  preferable 
"  to  what  we  had  done  at  first,  and  to  wliat  ^Er.  Saverv  ki 
"  since  done,  that  the  public  may  not  be  under  any  mistake 
"  in  the  choice  of  these  different  machines,  and  may  pnifit, 
"  without  trouble,  by  what  has  proved  so  expensive ;  and 
"  likewise  that  they  may  see  that  their  obligation  to  hi 
"  ITiglmess  is  not  solely  for  havhig  formed  the  first  plan,  l«t 
"  for  having  overcome  the  difficulties  of  the  first  execution, 
"  and  brought  matters  to  their  present  state  of  perfection/' 

Bclidor,  after  this  long  quotation,  goes  on  to  observe— 
"  3L  Papin  then  gives  the  descrij^tion  of  tlie  machine  he  had 
"  executed,  and  forgets  nothing  to  give  it  value.  But,  tchat- 
"  cuer  fie  may  say,  it  is  very  far  from  being  equMy  ingenhm 
"  and  complete  with  that  of  Mr.  Savery,  which  jxissesses  the 
"  advantage  of  having  within  itself  all  the  movements  it 
"  requires,  without  any  one  toucliing  it ;  whereas  the  other 
"  cannot  act  witliout  the  help  of  several  men,  one  of  whom  at 
"  lejist  is  required  to  give  his  work  uninterruptedly,  with  con- 
"  trivances  which  rendf!r  thin  machine  as  imperfect  as  that  of 
"  Mr,  Savery  is  completed  It  does  not,  in  fact,  ajipear  that 
the  engine  improved  by  Papin,  after  he  was  made  acquainted 
witli  Savory's  engine,  was  ever  brought  into  practical  use. 

It  deserves  also  to  be  mentioned  that  Saver\%  with  the 
same  attention  to  practical  utility  by  which  all  of  his  me- 
chanical proceedings  seem  to  have  Ixjcn  characterised,  was 
the  first  to  introdu(».e  the  idea  of  horse  or  horse's  power,  as 
the  measure  of  the  force  of  an  engine;  a  tenn  which  has 
Hin(*e  liccome  so  familiar  as  expressing  a  standard  at  once 
convenient  in  its  use,  and  intelligible  to  every  one.  Sir 
•Samuel  Moreland  had  said,  in  1()83,  in  speaking  of  steam 
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when  **  well  governed  according  to  the  rules  of  statics,  and 
**  by  science  reduced  to  measure,  weight,  and  balance,"  that 
**  then  it  bears  its  burden  peaceably,  (like  good  horses),  and 
"  thus  would  be  extremely  useful  to  the  human  rac^,"  &c. 
But  that  phrase  can  there  be  regarded  only  as  a  simile  used 
in  quite  a  general  sense ;  while  8a very  goes  on  to  show  that 
an  engine  is  capable  of  doing  the  work  not  only  of  as  many 
horses  as  could  at  any  one  time  produce  an  equal  effect,  but 
of  as  many  as  would  have  to  be  kept  in  order  to  produce  the 
same  effect  constantly.  "  So  that  an  engine,"  says  he,  "  which 
**  will  raise  as  much  water  as  two  horses,  working  together  at 
"  one  time  in  such  a  work,  can  do,  and  for  which  there  must 
**  be  constantly  kept  ten  or  twelve  horses  for  doing  the  same, 
**  then  I  say,  such  an  engine  will  do  the  work  or  labour  of 
**  ten  or  twelve  horses."  *  It  is  true  that  the  modem  use 
of  the  same  standard  has  been  limited  to  the  lower  of  those 
two  modes  of  comparison ;  but  it  may  be  doubted  whether 
the  other,  employed  by  Savery,  is  not  in  truth  the  more  exact 
one ;  as  an  engine  can  work  day  and  night  without  requiring 
rest,  while  eight  hours,  or  one-third  of  that  period,  are  usually 
considered  to  be  sufficient  for  a  horse  to  work  at  one  time. 

Notwithstanding  the  importance  which  we  now  reasonably 
attach  to  the  engine  thus  distinctly  put  forward  by  Savery,  it 
met  with  but  little  acceptance  from  the  miners  to  whom  he 
addressed  his  description  and  his  arguments  in  favour  of  its 
use.  Arago  says  that  there  was  but  one  exception  to  their 
general  disregard  of  the  benefits  it  promised  to  them ;  and,  as 
during  the  term  of  his  patent  he  does  not  appear  to  have 
made  use  of  any  safety-valve,  there  was  evidently  considerable 
danger,  with  the  imperfect  workmanship  of  those  days,  in 
using  the  highly  heated  steam  which  he  is  said  to  have  ven- 
tured to  employ.  « 

"  I  have  known  Captain  Savery,"  says  Desaguliers,  "  at 
"  York  Buildings,  make  steam  eiglit  or  ten  times  stronger 
'^  than  common  air ;  and  then  its  heat  was  so  great,  that  it 
"  would  melt  common  soft  solder ;  and  its  strength  was  so 


•  *  3liner  B  Friend/  p.  29. 1702. 
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'^  great  as  to  blow  open  several  of  the  joints  of  his  machue: 
"  so  that  he  was  forced  to  be  at  the  pains  and  charge  to  hvt 
"  all  his  joints  soldered  with  spelter  or  hard  solder. 

''  These  discouragements,"  adds  Desaguliers,  ^  stopped  tiM 
"  progress  and  improvement  of  this  engine,  till  Mr.  Net- 
"  comen,  an  ironmonger,  and  John  Cawley,  a  ^azier  lifmg 
"  at  Dartmouth,  brought  it  to  the  present  form  in  which  itii 
"  now  used,  and  has  been  near  these  thirty  yeara"  ♦  (Tb 
first  edition  of  Desaguliers*  first  volume  was  published  k 
1734 ;  the  first  edition  of  the  second  volume,  from  the  thiri 
edition  of  which  the  above  passage  is  taken,  was  publidied 
in  1744.) 

Switzer,  in  his  *  System  of  Hydrostatics,'  already  quo4e4 
after  giving  a  detailed  account  of  Savory's  ^Engine,  says,  (]i 
335), — "  To  finish  tliis  long  account  of  the  surprising  Engine 
"  for  the  raising  Water  by  Fire,  I  produce  this  last  improre- 
"  ment  of  it  by  Mr.  Thomas  Newcomen,  which  makes  it  im- 
"  doubtedly  the  beautifullest  and  most  useful  Engine  th»t 
"  any  age  or  country  ever  yet  produced."  Then,  after 
describing  Newcomen's  Engine,  he  says,  p.  341, — "WTiatl 
''  have  to  add  in  this  place  is,  that  as  the  best  and  most  use- 
"  ful  improvements  which  have  been  discovered  either  in  Art 
"  or  Nature,  have,  in  process  of  time,  been  liable  to  improTe- 
"  ment ;  so  this  of  the  Fire-Engine  lias  been  subject  to  the 
"  same.  For  this  ingenious  gentleman,  to  whom  we  owe  thii 
"  late  invention,  has,  with  a  great  deal  of  modesty,  but  as 
"  much  judgment,  given  the  finishing  stroke  to  it  It  is, 
"  indeed,  generally  said  to  be  an  improvement  to  Mr. 
"  Savory's  Engmo ;  but,  as  I  am  well  informed  that  Mr. 
"  Newcomen  was  as  early  in  his  invention  as  Mr.  Savery  was 
**  in  his,  only  the  latter,  being  nearer  the  Court,  had  obtained 
"  his  Patent  before  the  other  knew  it,  on  which  account  Mr. 
"  Newcomen  was  glad  to  come  in  as  a  partner  to  it." 

Newcomen  and  Cawley  became  associated  with  Savery  in 
the  Patent  obtained  in  1705.  The  engine  has,  however, 
always  borne  the  name  of  Newcomen. 


♦  •  A  Course  of  Experimental  Philosopliy/  vol.  ii.,  p.  4G6,  cd.  1763. 
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The  improvements  introduced  into  it  were  very  consider- 
abloy  compared  with  the  scheme  of  Papin,  or  the  engine  of 
Savery.  In  those  first  made,  one  cylinder  was  placed  within 
another,  and  the  interstice  was  filled  vdih  cold  water,  which 
effected  the  condensation  with  less  trouble  than  the  aflfusion 
of  water,  to  which  Savery  had  recourse ;  as  he  says,  "  the 
**  water,  falling,  causes  by  its  coolness  the  steam,  which  had 
**  such  great  force  just  before,  to  [lose]  its  elastick  power,  to 
**  condence,  and  become  a  vacuum,  or  empty  space."  *  The 
piston  was  tightened  by  packing  with  leather  or  rope,  and  by 
a  stratum  of  water  upon  it.  A  separate  boiler  was  used,  as 
had  been  done  by  Savery,  for  the  generation  of  the  steam, 
and  the  consumption  of  water  in  it  was  supplied  by  a  pipe 
from  the  top  of  the  piston.  A  snifting-valve  was  applied  for 
blowing  out  the  air,  and  an  eduction-pipe  for  getting  rid  of 
the  water  arising  from  condensation,  with  improved  mechan- 
ism of  cocks  and  valves.  But  the  great  invention  for  render- 
ing the  power  applicable  to  practical  pui-poses,  consisted  in  a 
working  lever,  or  great  beam  moving  on  a*  centre,  one  end 
being  connected  with  the  piston-rod,  by  means  of  an  arch 
and  chains,  and  the  other  with  the  pump  to  be  worked  by  it, 
having  a  counterpoise  for  the  piston.  The  subsequent  intro- 
duction of  the  cold  water  into  the  inside  of  the  cylinder,  and 
the  working  of  the  cocks  or  valves  from  the  great  beam, 
were  important  points ;  and,  by  the  last,  the  steam-engine 
was  rendered  a  self-acting  machine.  The  details  underwent 
much  improvement  in  the  hands  of  Beighton,  and,  finally, 
of  the  great  engineer  Smeaton.  See  the  particulars  in 
Farey,  (*  Treatise  on  the  St^am-Engine,'  pp.  138-204).  The 
historical  and  mechanical  information  there  given,  and  con- 
tinued down  to  p.  308,  will  be  found  very  deserving  of  an 
attentive  perusal. 

It  results  from  the  facts  we  have  adduced,  that  of  the 
above  machine,  the  first  idea  of  the  cylinder,  packed  piston 
and  rod,  and  the  use  of  the  pressure  of  the  atmosphere  as  a 
power,  belong  to  Otto  Guericke ;  the  forming  a  vacuum  by 


♦  '  The  Miner's  Friend,'  p.  19, 
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the  condensation  of  steam  in  the  cylinder  to  Papin,  who  fn> 
bably  was  acquainted  with  the  similar  experimental  proctn 
of  Porta,  conducted,  however,  with  a  cistern,  instead  of  tte 
more  convenient  cylinder ;  the  separate  boiler,  and  ipeAif 
parts  of  the  mechanism  of  the  valves,  &c.,  to  Savery.  Bi^ 
whether  the  ironmonger  and  the  glazier  of  Dartmouth  wen 
acquainted  with  what  Otto  and  Papin  had  described  in  la- 
guages  probably  to  them  unknown,  can  only  now  be  gaemA 
at.  That  they  knew  something  of  what  Savery  had  drriri 
into  practice  six  years  before  is  likely,  although  SwitK 
appears  to  consider  that  they  invented  the  whole.  In  tk 
history  of  arts  and  sciences  there  have  been  many  cases  of 
apparent  coincidence  of  inventions,  of  which,  the  theory  of 
fluxions,  bringing  into  opposition  the  great  names  of  Newta 
and  Leibnitz,  forms  the  most  illustrious  instance. 

"The  way  of  leathering  the  piston,"  says  DesaguKflSL 
"  was  found  by  accident  about  1713  ;  having  then  screwed! 
"  large  broad  piece  of  leather  to  the  piston,  wliich  turned  op 
"  the  sides  of  the  cylinder  two  or  three  inches  ;  in  working 
"  it  wore  through,  and  cut  that  piece  from  the  other ;  whieh, 
"  falling  flat  on  the  piston,  wrought  with  its  edge  to  the 
"  cylinder,  and,  having  been  in  a  long  time,  was  worn  yery 
"  narrow ;  which  being  taken  out,  they  had  the  liappy  dis- 
"  covery  whereby  they  found,  that  a  bridle-rein,  or  even  ft 
"  soft  thick  piece  of  rope  or  match  going  round,  would  make 
"  the  piston  air  and  water-tight"  * 

Probably,  also,  the  further  packing  of  the  piston  by  the 
ingenious  method  of  a  stratum  of  water  resting  on  ite 
plate,  was  discovered  by  accident.  Its  use  led  directly  to  ft 
further  invention  of  great  importance,  and  even  some  ele 
gance : — "  One  thing  is  very  remarkable ;  as  they  at  first  were 
"  working,  they  were  suri)rised  to  see  the  engine  go  several 
"  strokes,  and  very  quick  together,  when  after  a  search  they 
"  found  a  hole  in  the  piston,  which  let  the  cold  water  in  to 
"  condense  the  steam  in  the  inside  of  the  cylinder,  whereas 
"  before  they  had  always  done  it  on  the   outside."  t    Aud 

♦  Dfsaguliers,  vol.  ii.  p.  533.  t  Ibid. 
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hence  followed  the  substitution  of  the  rose-heady  to  inject  a 
shower  of  cold  water  through  the  interior  of  the  cyUnder 
before  each  descent  of  the  piston,  instead  of  the  application 
of  cold  from  without ;  in  the  first  engine  in  which  the  in- 
jection was  introduced  into  the  cylinder,  the  water  appears 
to  have  spurted  straight  up  from  the  end  of  the  injection- 
pipe.  To  obtain  regularity  of  the  injection,  "  they  used  to 
"  work  with  a  buoy  in  the  cylinder  inclosed  in  a  pipe,  which 
"  buoy  rose  when  the  steam  was  strong,  and  opened  the  in- 
"  jection,  and  made  a  stroke ;  thereby  they  were  capable  of 
"  only  giving  six,  eight,  or  ten  strokes  in  a  minute,  till  a  boy, 
**  Humphry  Potter,  who  attended  the  engine,  added  (what  he 
**  called  %coggan)  a  catch  that  the  beam  always  opened,  and 
"  then  it  would  go  fifteen  or  sixteen  strokes  in  a  minute. 
*'  But  this  being  perplexed  with  catches  and  strings,  Mr. 
"  Henry  Beighton,  in  an  engine  he  had  built  at  Newcastle- 
"  on-Tyne  in  1718,  took  them  all  away,  the  beam  itself 
"  simply  supplying  all  much  better."  * 

Thus,  then,  by  many  successive  stages  had  at  last  been 
formed  a  machine  in  which  steam, — to  use  the  figure  of 
speech  imputed  to  Sir  Samuel  Moreland, — liad  been  reduced 
to  weight,  measure,  and  balance ;  but  which  could  scarcely  yet 
be  said  with  truth  to  conduct  iteelf  \QTy  peaceably,  or  "  like 
"  the  best  horses,"  under  the  various  burthens  it  w^as  intended 
to  bear.  For,  although  it  certainly  contrived  to  do  a  good 
deal  of  work,  yet  it  did  it  in  a  fasliion  which  was  provokingly 
clumsy,  imperfect,  and  irregular ;  it  would  not  always  move 
when  ordered  to  do  so,  nor  stop  when  its  progress  became 
dangerous ;  in  the  hands  of  those  unaccustomed  to  attend,  to 
clean,  to  water,  and  to  exercise  it,  it  would  astonish  the 
beholders  by  snorting  wildly,  rearing  badly,  and  kicking 
viciously ;  it  would  break  even  its  harness  of  chains,  not- 
witlistanding  the  "bridles"  and  "martingales"  by  wliich  it 
was  curbed ;  or  again,  when  urged  to  go  at  a  gallop  and 
exhibit  its  best  racing  pace,  it  would  sometimes  take  a  fancy 
to  spite  its  jockey,  move  even  more  sluggishly,  work  more 


*  Dcsaguliers,  as  above. 
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feebly,  and  perhaps  settle  the  unprofitable  struggle  by  coiii| 
at  last  to  a  dead  halt 

"  It  is  now  brought  to  very  great  perfection,"  writa  Bt 
Desaguliers,  who  would  fain  have  had  the  credit  of  impioriil 
it  beyond  all  the  devices  imagined  by  Lord  Woittfli; 
Savery,  Newcomen,  Cawley,  and  any  others  who  might  hi» 
had  a  hand  in  the  Great  Machine ;  "  I  shall  show/*  quotlik^ 
"  that  Captain  Savory's  method  is  not  unuseful  in  wm 
*^  cases,  especially  when  it  is  changed  into  the  very  m^ 
"  engine  that  I  have  reduced  it  to,  which  I  shall  al»  it 
"  scribe."  Yet  this  very  perfect  and  simple  engine  wm  a[l 
to  have  all  the  faults  we  have  enumerated  above  :  its  origiBil 
cost,  also,  was  not  small,  and  its  appetite  for  fuel  was  TOt* 
cious.  This  last  miglit  indeed  be  called  its  favourite  wett 
ness  ;  for  each  time  that  the  piston  was  raised,  the  cylinto 
liad  to  be  filled  with  steam,  and  was  therefore  heated  to  a 
equal  degree ;  wliile,  each  time  that  the  steam  was  eondenftJ 
in  order  that  the  piston  might  fall,  and  a  stroke  be  made,  the 
cylinder  was  cooled  down  ui  proportion,  and  fresh  lieat,  or  in 
other  words,  more  fuel,  was  wasted  in  recovering  the  staiiD- 
heat  proper  for  the  next  rise  of  the  piston.  This  consiJeit- 
tion,  although  of  comparatively  small  consequence  in  col- 
lieries, "  where  the  jwwer  of  the  fire  is  made  from  tlie  refuse 
"  of  the  coals,  wliicli  would  not  otherwise  be  sold,"  was  fn^ 
tically  sufficient  to  exclude  the  use  of  the  engine  from  any 
application  to  manufacturing  purjwses,  in  localities  reini>te 
from  a  cheap  supply  of  coal.  Such  being  the  state  of  the 
Fire  Engine  at  the  middle  of  the  last  century,  it  is  not  aff- 
prising  that  although  many  j)erson8  had  become  observant  of 
its  performances,  few  were  much  enamoured  of  them ;  that 
its  real  utility  was  neither  very  great  nor  widely  extended; 
that  its  economy  was  in  most  cases  questionable ;  and  that 
immbers  of  mines  and  even  some  collieries  were  lefl  un- 
drained  of  the  floods  which  had  inundated  them,  because 
the  proprietors  would  not  risk  the  doubtful  remedy  involved 
in  the  purchase  of  one  of  those  machines. 

The  names  of  Amontons  and  Dalesme,  which  have  some- 
times been  included  in  the  liistory  of  the  steam-engine  at  the 
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epocli  of  Savery  and  Papin,  we  need  scarcely  do  more  than 
barely  mention.  The  "  Fire-wheel "  of  the  fonner,  of  date 
1699,  of  wliich  an  elaborate  description,  with  engravings,  is 
given  in  the  *  M^moires  de  TAcademie  des  Sciences '  for  that 
year,  and  also  in  Leupold's  'Theatrum  Machinarum,'  1724, 
(Tab.  53,  fig.  2),  consists  of  a  complicated  apparatus,  de- 
pending for  its  action  more  on  the  expansion  of  heated  air 
than  on  steam.  And  of  M.  Dalesme's  project,  which  bears 
the  date  of  1705,  the  only  record  that  remains  appears  to  be 
the  following,  contained  in  the  *  Hist,  de  T Academic  des  Sci- 
*  ences'  for  that  year,  and  quoted  by  Prony,  (*  Arch.  Hyd.,'  ii. 
p.  90.)  "  M.  Dalesme  laid  before  the  Society  some  ideas 
"  which  it  was  thought  might  prove  useful,  and  be  deserving 
"  of  the  outlay  requisite  for  experiments  on  a  large  scale. 
"  His  notion  is,  that  the  force  of  the  steam  which  rises  from 
"  boiling  water  might  be  employed  as  a  moving  power :  he 
"  has  shown  by  a  machine  in  which  that  force  alone  made 
"  water  spout  to  a  great  height,  how  powerful  it  is."  M. 
Prony  suggests  that  M.  Dalesme's  model  might  still  be  found 
to  exist  in  the  collection  of  machines  belonging  to  the  Aca- 
demy ;  but  it  never  seems  to  have  made  its  appearance 
again.  The  effect  described  might  evidently  have  been  i)ro- 
duced  by  something  not  more  deserving  the  name  of  a 
maclune  than  the  hollow  ball  and  tube  of  De  Cans. 

The  improvements  of  Smeaton  on  Newcomen's,  or  the 
atmospheric  engine,  (as  it  was  called  from  the  pressure  of 
the  atmosphere  on  the  piston  being  the  moving  power  in  the 
downward  stroke),  are  the  last  to  which  we  are  here  called 
on  to  allude  before  entering  on  the  consideration  of  those  of 
Watt.  In  getting  engines  erected,  Smeaton  was  so  much 
baffled  and  annoyed  by  the  irregularity  and  insufficiency  of 
their  work,  arising  often  from  the  bad  proportions  of  their 
parts,  that  he  constructed  a  small  experimental  engine,  not 
above  four  horses'  power,  from  which  he  deduced  a  valuable 
table  of  the  proportions  of  the  parts  and  of  their  relative 
performance ;  the  experiments  are  said  to  have  been  made 
about  the  year  1765,  although  Smeaton  did  not  proceed 
to  build  large  engines  in  accordance  with  the  results  ob- 
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tainedy  till  nine  years  afterwards;  soon  after  which  he  de- 
signed several,  some  of  them  of  more  than  a  hundred 
horse  power,  and  in  which  it  was  admitted  that  there  was  a 
considerable  saving  of  fuel, — equal  in  some  cases  to  one-third 
of  the  previous  consumption.  But  those  were  not  in  exist- 
ence at  the  period  of  Watt's  life  to  which  we  must  now 
attend ;  and  even  the  table  we  have  spoken  of  wa^  not  pub- 
lished by  its  author,  but  was  found  after  his  death  among  his 
papers,  now  in  the  possession  of  the  Boyal  Society. 
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i'bom  the  narratives  of  both  Dr.  Black  and  Dr.  Eobison,  it 
I  apparent  that,  next  to  the  inventor  himself,  the  person  at 
rst  most  deeply  interested  in  the  mechanical  and  commercial 
access  of  the  invention,  the  origin  of  which  has  now  been  so 
illy  detailed,  was  Dr.  Eoebuck ;  an  ingenious  and  enterprising 
lan,  whose  ultimate  want  of  success  in  life  ill  rewarded  his 
mdness  for  practical  science,  and  his  energetic  exercise  of 
ery  considerable  talents  and  industry.  It  seems  indeed  a 
ngular  fatality,  that  even  his  early  connection  with  the 
reatest  invention  of  his  age,  full  of  future  profit  as  it  pro- 
lised  to  be,  and  narrowly  as  we  now  see  that  it  failed  to 
^lise  that  hope  to  him,  was  not  only  of  no  ultimate  service 
3  his  own  fortunes,  but  had  nearly  cut  short  the  progress  of 
hie  invention  itself;  which  was  long  submerged,  and  well- 
igh  altogether  lost,  in  the  financial  wreck  in  which  his 
fiairs  became  involved. 

For  the  best  account  of  the  life  and  pursuits  of  the  gentle- 
aan  who  was  thus  destined  to  become  the  temporary  though 
insuccessful  associate  of  Mr.  Watt  in  his  important  scheme, 
he  public  are  indebted  to  the  pen  of  the  late  Professor 
ardine,  of  Glasgow  College,  a  person  whose  memory  is 
leservedly  held  in  veneration  by  all  who  in  their,  academical 
lareer  enjoyed  the  advantage  of  his  sagacious,  instructive, 
ind  friendly  counsels.    From  a  biographical  notice  which  he 
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communicated  to  the  Royal  Society  of  Edinburgh,  and  which 
is  published  in  their  Transactions,*  we  find  that  Dr.  Roebuck, 
who  was  bom  at  Sheffield  in  1718,  and  received  some  of  his 
early  education  under  the  care  of  Doddridge  and  in  compa- 
nionship with  Akenside,  studied  medicine  at  the  University  of 
Edinburgh,  and  formed  there  an  intimate  acquaintance  with 
Hume,  Robertson,  and  others  of  their  eminent  contemporaries. 
Graduating  at  Leyden,  on  his  return  to  England  he  settled  as 
a  practising  physician  at  Birmingham,  where  he  rapidly  rose 
into  extensive  and  lucrative  employment,  and  was  at  the 
same  time  enabled  to  gratify  his  inquiring  habit  of  mind  by 
numerous  scientific  researclies,  in  wliich  he  engaged  with 
ardour.  The  study  of  chemistry,  one  of  his  favourite  pursuits, 
he  now  prosecuted  practically,  with  great  ingenuity  and  per- 
severance ;  inventing  improved  and  economical  processes  for 
refining  and  working  gold  and  silver,  as  well  as  for  manu£BU3- 
turing  many  other  substances  commonly  Used  in  the  arts; 
and,  in  conjunction  with  Mr.  Samuel  Garbett,  establishing  a 
large  laboratory,  where  his  various  processes  were  profitably 
carried  out  on  a  very  extensive  scale.  Sulphuric  add,  which 
had  previously  been  made,  at  great  expense,  in  glass  retorts, 
they  succeeded,  after  many  experiments,  in  preparing,  by 
means  of  leaden  vessels,  at  less  than  a  fourth  of  its  former 
cost ;  and  on  their  establishing  a  manufactory  of  it  at  Preston 
Pans,  in  East  Lothian,  the  consumption  of  the  article  increased 
enormously,  and  the  profits  of  their  undertaking  became  pro- 
portionally large. 

Emboldened  by  this  success.  Dr.  Roebuck  proceeded  to 
carry  out  a  work  of  far  greater  extent  and  importance,  which 
l>oth  in  a  private  and  in  a  national  point  of  view  has  more 
than  equalled  the  sanguine  expectations  then  formed  of  its 
probable  utility.  Among  the  numerous  subjects  to  which  he 
had  turned  his  attention,  was  the  smelting  of  iron-ore;  a 
process  which,  as  then  commonly  conducted,  was  capable,  he 
had  satisfied  himself,  of  very  great  improvement.  Having, 
with  his  partner  Mr.  Garbett,  now  realised  some  fortune  by 


♦  Trans.  R.  S.  E.,  iv.  p.  65, 1706. 
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the  profits  on  his  other  processes,  and  being  easily  enabled, 
by  the  confidence  reposed  in  his  skill  and  judgment,  to  obtain 
the  loan  of  the  further  capital  that  was  necessary,  he  resolved 
to  establish  in  Scotland  a  inanu£Eu;tory  of  iron  on  a  great 
scale.  To  him  was  left  not  only  the  direction  of  all  that 
ocmcemed  the  buildings,  machinery,  and  processes  of  the 
manufacture,  but,  in  the  first  place,  the  selection  of  a  proper 
site  for  the  intended  works ;  and  on  the  banks  of  the  river 
Carron,  in  Stirlingshire,  he  found  united  every  natural 
facility  for  his  purpose.  In  that  situation,  with  great  water- 
power,  were  combined  the  advantages  of  ready  transport  by 
sea,  and  supplies,  in  the  immediate  neighbourhood,  of  excel- 
lent iron-ore,  limestone,  and  coal, — ^minerals  which,  after  the 
lapse  of  a  century,  have  in  that  district  shown  no  signs  of 
exhaustion. 

The  Carron  iron-works,  in  their  original  state,  were  com- 
pleted by  the  end  of  1759,  and  the  first  furnace  was  blown  on 
the  Ist  of  January,  1760.  Dr.  Boebuck  then  lived  at  the 
house  of  Kinneil,  near  Borrowstoness,  a  ''very  ancient  and 
**  very  stately"  mansion,*  about  tliree  miles  from  Linlithgow, 
the  rural  beauties  of  which  were,  half-a-century  later,  thus 
described  by  the  poet  Campbell,  while  there  on  a  visit  to  his 
venerable  friend  Dugald  Stewart : — "  Stewart's  residence  is 
"  an  old  chateau  of  the  Dukes  of  Hamilton,  agreeably  situated 
"  near  the  sea,  opposite  the  classic  Ben-Ledi,  and  surrounded 
"  by  fine  groves  that  resound  with  the  songs  of  birds,  the 
"  cawing  of  rooks,  and  the  sweeter  cooing  of  wood-pigeons. 
"  The  whole  scene,  with  the  society  and  conversation  of  my 
"  friends,  sinks  deep  into  my  mind."  t 

In  planning  the  Carron  machinery.  Dr.  Boebuck  availed 
Iiimself  of  the  great  talents  of  Mr.  Smeaton,  who  has  been 
justly  termed  the  father  of  civil-engineering  in  Great  Britain, 
and  who,  having  in  1 750  begun  business  in  London  as  a  philo- 
sophical-instrument-maker, was  already  fast  rising  to  eminence 
in  both  of  those  professions.    He  had  not,  however,  been  pre- 


♦  Sir  David  Wilkie ;  see  his  *Lifc '         t  Beattie's  Life  of  "ThomaB  Camp- 
by  AUan  Cunningham,  ▼ol.  i.,  p.  4m.      bell,  vol.  ii.  p.  286. 
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viously  brought  into  notice  in  Scotland ;  and  the  introdnctki 
of  his  skill  into  that  country,  in  which  he  afterwards  diredel 
many  important  engineering  operations,  is  one  of  the  numeral 
proofs  that  Dr.  Boebuck  gave  of  possessing  an  obserrant  lal 
penetrating  judgment    Among  Mr.  Smeaton's  Beports,  irtiiA 
were  published  by  the  Society  of  CiviJ  Engineers,  •  and  fin 
an  interesting  memorial  of  his  labours,  are  included  6e?enl 
that  were  addressed  to  the  Carron  Comj>any,  concerning  Ae 
supply  and  regulation  of  the  water-power,  the  constrQctimof 
blowing-machines  on  improved  principles,  of  mills  for  bomf 
the  great  guns  known  in  the  British  Navy  as  carronadei,fvi 
other  kindred  matters. 

The  works  established  under  such  advantageous  ciiwa- 
stances,  and  directed  by  such  able  advice,  did  not  fcO  to 
prosper ;  and  they  proved  a  lucrative  investment  of  the  met» 
of  their  principal  projector,  as  well  as  of  his  associated  fiiciKia. 
Well  had  it  been  for  all  of  them  had  his  attention  continiwl 
to  be  engrossed  by  the  profitable  manufacture  which  he  hiJ 
thus  so  energetically  created ;  but,  as  the  various  pn)cefl» 
were  gradually  reduced  to  little  more  than  mere  routine,  his 
ardent  mind  sought  fresh  scope  for  exertion,  and  he  embarked 
in  an  adventure,  which,  although  at  first  it  had  a  semblance 
of  further  utility  and  profit,  ended  in  involving  his  friends  in 


♦  In  three  volumes,  quarto,  1812 ; 
which  were  foHowed,  in  1814,  by  a 
fourth  volume  of  his  Miscellaneous 
Papers,  comprising  all  of  his  com- 
munications to  the  Royal  Society, 
printed  in  the  Philosophical  Transac- 
tions. 

t  "  In  the  early  part  of  1779,"  says 
Mr.  James,  in  his  well-known  and 
admirable  *  Naval  History,'  "  a  piece  of 
"  carriage-ordnance,  the  invention,  by 
**  all  accounts,  of  tlie  late  scientific 
**  General  Robert  Melville,  was  cast, 
••  for  the  first  timo,  at  the  iron-works 
"  of  the  Carron  Company,  situatwl  on 
'*the  banks  of  the  river  Carron,  in 
"  Scotland.  Although  shorter  than 
"  the  navy  4-pounder,  and  lighter,  by 
•*  a  trifle,  than  the  navy  r2-pounder, 
**  this  eun  equalled  in  its  cylinder  the 
**  8-inch   howitzer.      Its    destructive 


"efifects,  when  tried  against  timl<H; 
•*  induced  its  ingenious  inventor  to 
"  give  it  the  name  of  gmath^J^  The 
new  gim  soon  got  the  name  of  «^ 
remade,  and  those  of  the  larger  alilm 
were  found  to  be  so  formidable  (torn 
tlie  force  and  weight  of  their  sboi 
(from  32  to  68-poundeis),  that  witbii 
a  verj*  few  vears  of  the  date  of  their 
invention  tney  were  introdiiccd  into 
almost  every  ship  in  the  British  ntf?: 
while  a  carronaae  of  smaller  cilibfft 
(24  down  to  12-poiindera\  was  in  1795 
ordered  to  be  supplied  to  the  laimch 
of  every  ship  of  tne  size  of  an  IS-gna 
1)rig  or  above  it,  to  aid  in  the  serriee 
of  cutting  out  vessels  firom  the  enemy'i 
harbours.— See  'The  Naval  Hiftory 
•of  Grtat  Britain;  by  William  Jamw. 
vol.  i.  pp.  47  and  436,  ed.  1826. 
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grievous  embarrajBsment,  and  himself  in  irretrievable  pecu- 
niary ruin.  One  of  the  great  principle?  of  the  improved 
method  of  manufacturing  iron,  as  practised  at  Carron,  was 
the  use  of  pitcoal  instead  of  charcoal ;  which,  although  it  had 
certainly  been  contemplated  and  even  occasionally  attempted 
in  practice  in  England  almost  a  century  and  a  half  earlier,* 
it  remained  for  Dr.  Roebuck  successfully  to  reduce  to  a 
general  and  useful  system.  An  abundant  and  cheap  supply 
of  coal  being  thus  an  essential  requisite  for  the  continued 
prosperity  of  the  iron-works.  Dr.  Roebuck  was  desirous  of 
securing  it  by  becoming  the  lessee  of  the  extensive  coal- 
mines belonging  to  the  Duke  of  Hamilton,  at  Borrowstoness, 
where  the  coal  workings  were  combined  with  salt-pits.  The 
natural  obstacles,  however,  which  presented  themselves, 
(arising  chiefly  from  the  great  and  unexpected  depth  of  the 
workings),  were  so  formidable  as  at  first  greatly  to  hinder, 
and  ultimately  to  render  hopeless,  the  success  of  all  his 
endeavours. 

It  was  after  he  had  engaged  in  that  perilous  adventure, 
but  before  its  fatal  issue  was  ascertained,  that  Dr.  Roebuck 
was  brought  into  connection  with  Mr.  Watt;  their  mutual 
introduction  having  been,  doubtless,  owing  to  Dr.  Black,  with 
whom  Professor  Jardine  relates  Roebuck  to  have  lived  till 
his  death  in  close  habits  of  intimacy,  "  often  acknowledging, 
"  with  much  frankness,  the  advantages  which  he  derived  in 
"  his  various  pursuits,  from  a  free  and  unreserved  communi- 
**  cation  with  that  eminent  chemist."  f  From  the  inventive 
genius  of  his  new  acquaintance.  Dr.  Roebuck  was  able  to 
discern  that  great  profit  might  accrue  to  the  extensive  esta- 
blishments under  his  own  care ;  his  judgment,  therefore,  no 
less  than  his  inclination,  led  him  warmly  to  enter  into  schemes 


•  Bee  the  Account  of  the  "  Letters 
•*  Patent  of  Privilege  "  granted  buo- 
cessively  to  Simon  Sturtevant  in  1612, 
John  Rovenson  in  1613,  —  Gomble- 
ton.  Doctor  Jordan  of  Batli,  and  sun- 
dry others,  in  *Dud  Dudley's  Met- 

*  taUum   Martifl  or  Iron  made  with 

*  Pit-coale,  Sea-coale,  &c.,   and  with 

*  the  same  FueU  to  Melt  and  Fine 


*  Imperfect  Mettals,  and  Refine  Per- 

*  feet  Mettals.  London.  Printed  by 
*T.  M.  for  the  Authour.  1665;'  a 
curious  little  book,  of  which,  tlie 
original  edition  having  become  ex- 
tremely rare,  an  exact  and  careful 
reprint  was  published  in  1851. 

t  Biographical   Notice,   Trans.   II. 
S.  E.,  vol.  iv. 
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for  rendering  effectual  in  practice  the  principles  which  Watt 
communicated  to  him ;  and,  an  unreserved  confidence  having 
been  established  between  them,  in  the  correspondence  which 
ensued  are  to  be  found  the  earliest  contemporary  records  of 
the  progress  of  the  great  discovery,  which,  as  we  have  seen, 
had  ^'flashed  upon  the  mind"  of  Mr.  Watt  in  the  summer 
of  1765. 

"  I  have  tried  my  new  engine  with  good  success,"  writes 
Mr.  Watt  to  Dr.  Roebuck,  23  Aug.  1765,  "  for  though  I 
"  have  not  been  able  to  get  it  perfectly  air-tight  from  its  bad 
"  materiab,  yet,  inunediately  on  turning  the  exliausting  cock, 
''  the  piston,  when  not  loaded,  ascended  as  quick  as  the  Uow 
"  of  a  hammer,  and  as  quick  when  loaded  with  18  lbs.  (being 
*'  7  lbs.  on  the  inch)  as  it  would  have  done  if  it  had  had  m 
"  injection  as  usual  The  moment  the  steam-cock  was  opened, 
"  the  piston  descended  with  rapidity,  snifting  all  the  while, 
"  though  the  steam  was  very  weak.  On  the  fiiith  of  this  I 
"  have  set  about  a  larger  and  more  perfect  model,  having 
"  now  little  doubt  of  its  performing  to  satisfaction."  To 
Dr.  Lind,* — "I  have  tried  my  small  model  of  my  perfect 
"  engine,  which  hitherto  answers  expectation,  and  gires 
"  great,  I  may  say  greatest,  hopes  of  succ^ess  (for  certaintr 
"  could  not  be  called  hope),  in  greater  model  now  far  ad- 
"  vanced  ;  in  short,  I  expect  almost  totally  to  prevent  waste 
'^  of  steam,  and  consequently  bring  the  machine  to  its  uUi- 
"  matum.'' 

On  the  9th  of  September  ho  informed  Dr.  Roebuck  of 
various  experiments  and  facts,  from  which  he  condades* 
"  That,  in  proportion  as  the  sensible  heat  of  steam  inereaaee. 
"  its  latent  diminishes,  so,  in  the  steam-engine,  working  with 
'^  pressures  above  15  lbs.  must  be  more  advantageous  than 
"  below  it ;  for  not  only  the  latent  heat  is  diminished,  but 
"  the  steam  is  considerably  expanded  by  the  sensible  heat, 
"  which  is  easily  added." 

On  receipt  of  this  letter,  Dr.  Eoebuck  expressed  his  satia- 
faction  at  finding  that  Mr.  W^att  was  so  nearly  reculy  to  make 


♦  4  Sept.  1765. 
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his  trial,  and  advised  him  to  press  it  forward  with  all  speed, 
whether  he  chose  to  pursue  it  as  a  philosopher  or  as  a 
man  of  business.  After  sending  to  the  Doctor  a  calculation 
of  an  experiment  on  one  of  the  old  engines  at  Borrowstoness, 
which,  with  a  boiler  202  feet  in  area,  a  cylinder  32  inches 
in  diameter,  and  of  5^  feet  stroke,  and  1454  cubic  feet  of 
steam  produced  per  minute,  made  only  11^  strokes  per 
minute,  using  at  each  stroke  1454  cubic  feet  of  steam, 
Mr.  Watt  wrote  on  the  11th  of  October : — "  I  have  made 
**  a  trial  of  my  machine.  It  has  not  entirely  answered  my 
"  expectations,  though  it  has  no  fault  but  what  I  think  I 
can  cure.  The  principal  one,  and  I  believe  the  only  one, 
was  the  untightness  of  the  piston,  which  I  think  I  have 
"  found  a  remedy  for.  However,  I  am  certain  its  consump- 
tion of  steam  will  be  extremely  small,  and  the  condensation 
quick  enough ;  and  it  may  possibly  be  some  days  before  I 
can  come  to  you,  as  I  must  remedy  everything  before  I 
send  it  away."  And  again  to  Dr.  Lind  on  the  12th  of 
October, — **  I  have  been  making  trial  of  my  machine,  but 
have  not  got  the  piston  steam-tight  yet ;  but  hope  I  shall 
accomplish  it.  My  error  was  applying  the  [^  piston  to 
it,  it  being  more  proper  for  purposes  where  the  piston  is 
"  drawn  against  the  pressure  than  for  engines  where  it  flies 
**  from  it.  I  now  conceive  this  to  be  the  best  for 
it,  as  the  cloth  has  a  great  latitude  to  adapt 
itself  to  a  bad  cylinder,  find,  if  the  steam  goes 
**  past  one  of  the  rings  of  cloth,  the  other  will  take 
it  up.  I  am  at  present  quite  barren  on  every 
other  article,  my  whole  thoughts  being  bent  on  this  ma- 
**  cliine ;  so  I  can  write  you  nothing  else." 

On  the  16th  of  October,  to  Dr.  Eoebuck : — "  On  repeated 
"  trials  of  my  machine  I  have  had  better  success  ;  it  readily 
"  works  with  10^  lbs.  on  the  inch,  and  sometimes  I  made  it 
"  lift  14  lbs.  I  still  propose  improvements  on  my  piston, 
with  which  I  am  confident  it  will  succeed  to  my  utmost 
expectations.  This  is  my  present  piston.  At  a  are  two 
collars  of  varnished  cloth  ;  b  is  the  old  part  of  the  piston, 
which  was  made   for  Belidor's   piston,  and   now  remains 
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*^  naked.     I  propose  adding  another  collar  at  e,  and  anotkr 

''  somewhere  on  b,  with  which  additions  I  hope 
"  it  will  be  perfectly  tight,  as  you  will  euflj 
^'  see  that  the  suldition  of  a  collar  increitti 
"  the  tightness  vastly.  As  to  the  steam  ooi* 
"  sumed,  it  is  very  little  ;  my  little  boiler  fiDi 
**  the  cylinder  in  less  than  half  a  second  after 
**  it  has  been  exliausted.  This  is  the  waj  ib 
"  which  I  tried  it :  a  being  the  cylinder,  b  a  lever  fastend 
"  down  by  one  end  at  c ;   d  is  a  weight,  which,  by  being 
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moved  backwards  and  forwards,  determines  the  preesoie. 
Now,  in  these  circumstances,  the  weight  being  in  a  sitoft- 
tion  where  the  engine  cannot  lift  it,  and  vacuum  pro 
duced  in  a,  it  is  plain,  on  opening  the  steam-cock,  the 
steam  will  work  into  a,  and  fill  it ;  to  do  which,  as  I  said, 
it  took  less  than  half  a  second,  wliich  is  known  by  its 
opening  tlie  snifting  valve  so  soon  as  it  is  m  equUSifffi 
with  the  air.  So  soon  as  the  proposed  alterations  are 
made  I  shall  forward  it  to  you."  And,  on  18th  October* 
Perfect  or  imperfect,  I  will  send  you  the  machine  next 
week.  I  find  notliing  makes  it  work  so  well  as  a  strong 
expanded  steam."     This  was  an  "  Inverted  engine,  with  a 
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*  new  piston,  the  first  not  answering.     The  cylinder  of  this 

*  engine  was  five  or  six  inches  diameter,  with  a  two-feet 
stroke ;  the  inner  cylinder  was  made  of  copper,  not  bored 
but  hammered,  and  not  very  true.     It  was  enclosed  in  a 

**  wooden  steam-case,  and  placed  inverted ;  the  piston  work- 
ing through  a  hole  in  the  bottom  of  the  steam-case.  This 
was  the  second  of  my  new  engines." 

At  the  same  time  he  describes  the  performance  of  a 
Testudo  "  or  tortoise-shaped  boiler, 
the  grate  formed  of  hollow  tubes, 
"  filled  with  water,"  which  evapo- 
rated 25  lbs.  of  water  with  about  4 
lbs.  of  coals  in  about  44  minutes 
fjrom  the  time  of  boiling ;  sometimes 
sooner,  but  with  greater  consumption  of  coals,  those  used 
having  been  very  bad ;  and  he  speaks  of  his  having  another 
contrivance  that  would  be  both  less  bulky,  and  more  easy  of 
execution. 

On  10th  November  he  sends  detailed  drawings  and  descrip- 
tion for  a  covered  cylinder  and  a  piston,  to  be  cast  at  the 
Carron  works  ;  whole  inside  length  7  feet,  diameter  24  inches, 
to  be  made  as  truly  round  and  equally  wide  as  possible: 
which  cylinder,  however,  although  afterwards  sent  to  Soho, 
was  never  used ;  having  been  very  ill  bored,  "  though  the 
"  best  Carron  could  make  at  that  time." 

Before  the  end  of  the  same  year,  he  had  discovered^  as  he 
thought,  that  he  could  make  the  piston  "  extremely  air-tight, 
"  and  at  the  same  time  have  little  friction,"  by  means  of 
English  pasteboard,  made  of  old  ropes  instead  of  paper,  and 
oiled ;  and  had  also  altered  the  plan  of  the  condenser  *'  from 
"  small  pipes  to  thin  interstices  between  plates :  16  double 
*'  plates  of  a  foot  square,  and  half  an  inch  asunder,  will 
"  answer  the  purpose  of  900  pipes  of  an  eighth  diameter. 
**  This  has  another  advantage,  viz.  simplicity  and  greater  ease 
in  making.  I  have  also  thought  on  something  new  about 
the  pump  of  the  condenser,  and  also  for  the  pump  in  the 
"  pit.  /^Thinking  on  these  things  is  a  kind  of  relief  amidst  my  ^ 
<*  vexations/' 
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asii  zi  'jht  •H&£i'  i«n  :c  'isiis  Tvt^r  c«>?tzr  the  first  indmatioM 
iz.  Xt-  ^ii"r:"*  !TC«c»:c!ioi»  ci  ~  a  CEnmLftr  steain-eiigiiie*<f 
s;c:izL'^ii=t=L  T^  iiitt  viT  vri^  had  oeearred  to  him.  nd 
'9z:i'jL  i:r  k  j.'clt  ^izi^r  .ticiiz^Kd  to  divide  his  attentioii  «ii 
tx  -y.cjitrZjstLz  riiuzizir.  k  w*5  an  allarin^  piojecr,  becaiA 
if  ^jx-thssfil.  n  TTiiLlfi  AT  :cax  hare  pn>yided  a  rotatire  modoi 
s:r  rLiIl-"»;ci.  a  Tr:CL-f-zi  tbfa  laksolrifd  bv  steam  :  but  it  took 
-  A  ZT-i:  i-il  -.:rr  ^.ci"  than  ite  iDrentor  had  imaginrf; 
iz.  Mi  J.  lT->\  n  "^-is  •  zici  ret  quite  finished,  bat  near  it* 
az>i  ^:-  h  rrnftizfrii  f.~r  vcar^  fresh  difficulties  arising  in  ik 
ex^:TO:ci  a^  ti-r  :»li  c^Sies  were  overcome,  till  the  patience  rf 
jlpj^  iLtirZ.  wicili  i^T-r  r-iirelT  given  war. 

A:  lij?  5:iOr  ■:•:'  iKiTAr.cement  it  wasj — when  the  gnU 
iny^z^ii'-.'ZL  Lai  lieer*  rbiblT  and  tangibly  exemplified  in  • 
working  midtL  and  uhile  its  projector  awaited,  with  eager 
hope,  the  per:":-naA:ice,  oa  a  larger  scale,  of  an  engine,  most  of 
the  i^ixs  of  which  were  alivady  constmcted, — that  the  chai 
of  |:ieomiiarT  difficnltv  which  OTerhong  the  house  of  Kinneil 
increased  so  as  grieToosly  to  darken  aU  further  prospects: 
dii^yjiiraging.  although  not  as  yet  entirely  closing,  that  seiieB 
of  experimental  trials  wliich  had  hitherto  been  assidnonslr 
proeecuted.  In  SeptemWr,  1766,  Mr.  Watt  wrote  to  a  friend: 
**  I  tliink  I  have  laid  up  a  stock  of  experience  that  iriO  »m 
**  pay  me  for  the  trouble  it  has  eo^  me  ;^  yet  it  was  between 
eight  and  nine  years  before  that  invaluable  experience  im 
made  available  so  as  either  to  benefit  the  public,  or  to  repay 
the  inventor ;  and  a  much  longer  period  elapsed  before  it  was 
poHsible  for  that  repayment  to  be  reckoned  in  the  form  of 
profit.  To  Mr.  Watt,  the  embarrassments  which  at  so  critical 
a  period,  and  without  any  fault  or  even  imprudence  on  his 
own  part,  intervened  so  as  to  prevent  the  fulfilment  of  his 
doHigijs,  were  necessarily  the  source  of  great  disappointment 
uiid  V(*xation.     But  to  Dr.  Roebuck  they  were  still  more  dia. 


Chap.  XIII.    DR.  ROEBUCK'S  EMBARRASSMENTS.  171 

Mtrous,  and  never  ceased  to  be  matter  of  the  most  poignant 
vegret ;  for,  could  he  have  fully  anticipated  the  future  deye- 
lopment  of  the  invention  which  now  lay  before  him,  he  would 
lisye  seen  in  it  far  more  than  the  restoration  of  all  his  most 
prosperous  fortunes  of  past  times.  And  if  it  be  painful  in 
any  instance  to  trace  the  downward  course  of  an  unsuccessful 
piojector,  whose  want  of  success  has  been  attendant  on 
abilities  and  exertions  which,  under  other  circumstances, 
might  have  ensured  a  happier  fate,  most  of  all  must  we  com- 
miserate the  hardship  of  his  destiny  when  we  see,  as  in  this 
case,  that  he  was  tantalised  by  having  the  means  of  recovery 
within  his  very  grasp,  and  yet  having  let  them  fall  &om  his 
hand,  rendered  powerless  by  the  paralysis  of  poverty. 

In  the  meantime,  for  some  years  longer.  Roebuck  was  con- 
tending with  his  adverse  fortune,  and  Watt  incubating  on 
such  ideas,  and,  at  intervals,  practising  such  experiments,  as 
occiured  to  him.  Both  seem, — though,  as  was  natural,  in 
different  degrees, — to  have  continued  to  entertain  tolerably 
sanguine  hopes  of  the  ultimate  success  of  the  new  ^'  fire- 
"  engine ;"  but  neither  of  them  could  make  any  very  decided 
step  in  advance,  from  the  want,  principally,  of  those  easy 
circumstances,  which,  whether  of  time  or  of  money,  were  now 
too  commonly  denied  to  both. 

The  necessities  of  an  increasing  family  led  Mr.  Watt,  in 
some  measure,  to  forsake  the  occupation  of  a  mathematical- 
instrument-maker,  (from  which,  although  tlie  extent  of  his 
business  had  become  considerable,  the  returns  were  not  large), 
for  that  of  a  land-surveyor  and  civil  engineer, — a  profession 
the  higher  departments  of  which  were  then  little  studied  or 
practised  in  Scotland.  Even  in  England  the  labours  of 
Brindley  and  Smeaton  had  but  recently  announced  the  com- 
mencement of  a  new  era  in  that  branch  of  applied  science, 
while  to  the  north  of  the  Tweed  they  were  only  just  beginning 
to  be  known  and  appreciated  as  they  deserved.  The  building 
of  the  Eddystone  Light-house,  perhaps  the  greatest  and  most 
memorable  of  Smeaton's  works,  was  completed  in  1759 :  and 
we  find  that  in  1760  he  was  employed  by  the  magistrates 
and  town-council  of  Dumfries  to  report  on  the  best  means 
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of  preserving  and  improving  the  navigation  of  the  rim 
NitL*  "  In  justice  to  Father  Smeaton/'  wrote  Mr.  Witt,t 
after  the  lapse  of  half  a  century  had  raised  up  the  gigutie 
works  and  established  the  fame  of  a  Sennie  and  a  Tdforit 
"  we  should  observe  that  he  lived  before  Bennie,  ui 
**  before  there  was  one-tenth  of  the  artists  there  are  not. 
<^  Suum  cuique ; — ^his  example  and  precepts  made  us  tl 
"  engineers." 

In  1767  Mr.  Watt  was  employed,  in  conjunction  with  Mr. 
Bobert  Mackell,  to  make  a  survey  for  a  smaU  canal  intaided 
to  unite  the  rivers  Forth  and  Clyde,  by  a  line  known  as  tb 
Loch  Lomond  passage ;  wluch,  leaving  the  Forth  some  miki 
above  Stirling,  was  proposed  to  pass  by  Bollat  into  the  witer 
of  Endrick,  and  thence  by  Loch  Lomond  and  the  water  rf 
Leven,  to  Dumbarton  on  the  Clyde.     But,  as  it  appeared 
from  Mr.  Smeaton's  estimates  «md  compcirison   of  that  lina 
with  another  which  was  called  the  Carron  passage,  that  the 
former  would  cost  somewhat  more,  was  more  circm'toos  bf 
nearly  forty  miles,  and  would  have  been  attended  with  an 
additional  loss  of  time  in  passing  between  thirty  and  forty 
locks,  as  well  as  by  fiuther  expenses  in  keeping  them  ia 
repair,  the  latter  was  preferred,  and  an  Act  obtained  fer 
the  construction  of  that  useful  navigation.     Mr.  Watt  having 
attended  Parliament  on  the  part  of  the  subscribers  to  the 
Lomond  scheme,  appears  from  some  of  his  letters  to  Mm 
Watt  not  to  have   been  much  enamoured   of  that  public 
life  of  which  he  thus   obtained  a  glimpse ;    when   "  close 
**  confined  attending  this  confounded  Committee  of  Parlia- 
**  ment,"  he  says,   "  I  think  I  shall  not  long  to  have  any- 
"  thing  to  do  witli  the  House  of  Commons  again : — ^I  never 
**  saw  so  many  wrong-headed  people  on  all  sides  gathered 
**  together.     As  Mac  says,  I  believe  the  DeevU  has  possessicA 
«  of  them ! "  J 

On  his  journey  from  London  on  that  occasion,  he  appears 
to  have  made  the  acquaintance  of  Dr.  Darwin,  who  vmtes  to 
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him  from  Lichfield,  in  August,  1767 : — "  Now,  my  dear  new 
**  friend,  I  first  hope  you  are  well  and  less  hypochondriacal, 
**  and  that  Mrs.  Watt  and  your  child  are  well.     The  plan 
**  of  your  steam  improvements  I  have  religiously  kept  secret, 
**  but  begin  myself  to  see  some  difficulties  in  your  execution 
**  which  did  not  strike  me  when  you  were  here.     I  have  got 
•*  another  and  another  new  hobby-horse  since  I  saw  you. 
I  wish  the  Lord  would  send  you  to  pass  a  week  with  me, 
and  Mrs.  Watt  along  with  you; — ^a  week,   a  month,  a 
year!     You  promised  to  send  me  an  instrument  to  draw 
landscapes  with.     If  you  ever  move  your  place  of  resi- 
"  dence  for  any  long  time  from  Glasgow,  pray  acquaint 
•*  me.     Adieu.     Your  friend,  E.  Darwin."     At  the  same 
time  he  first  beheld  a  scene  which  was  soon  to  become  to 
him  one  of  the  most  vital  interest;   for  then  it  was  that 
he  first  saw  Mr.  Boulton's  great  manufactory  at  Soho  near 
Birmingham;  to  which  he  was  introduced  by  Dr.  William 
Small,  who,  along  with  Mr.  Fothergill,  a  partner  of  Mr. 
Boulton,  showed  him  the  works.     Mr.  Boulton  not  being  at 
home,  those  future  friends  and  associates  did  not  at  that 
time  meet ;  but  to  Mr.  Watt's  eye,  well  fitted  to  appreciate 
the  union  of  science  and  art  everywhere  conspicuous  in 
the  various  processes  which  he  there  witnessed,  the  manu- 
factory appeared,  and  with  truth,  to  be  a  perfect  marvel  of 
human  ingenuity.     "  It  was  the  first,"  says  Arago,  "  which 
"  had  been  formed  on  such  a  large  scale  in  England,  and  is 
"  still  remarked  for  the  elegance  of  its  architecture.     There, 
"  Boulton  manufactured  all  sorts  of  admirable  works  in  steel, 
"  plated  goods,  silver,  and  or-moulu ;  nay,  even  astronomical 
"  clocks,  and  paintings  on  glass.     During  the  last  twenty 
"  years  of  his  life,  Boulton  devoted  his  attention  to  improve- 
"  ments  in  the  coining  of  money.    By  uniting  some  processes, 
"  originating  in  France,  with  new  kinds  of  presses  and  an 
"  ingenious  application  of  the  steam-engine,  he  was  enabled 
"  to  attain  at  once  an  excessive  rapidity  of  execution,  and 
"  great  perfection  in  the  articles  produced.     It  was  Boulton 
"  who  re-coined,  for  the  English  Government,  the  whole  copper 
"  specie  of  the  United  Kingdonu     The  economy  and  excel- 
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^  lence  with  which  this  great  work  was  accomplished, 
^  dered  counterfeits  nearly  impossible.  The  execatSons,"  [far 
the  crime  of  feJse  coining],  ^  which  in  London  and  Birmiof 
**  ham  were  every  year  till  then  unhappily  of  frequent  occir 
**  rence,  altogether  ceased.  It  was  on  occasion  of  Uiis  Hod 
^  Dr.  Darwin  exclaimed,  in  the  notes  to  his  *  Botanic  GardsD,' 
"  *  K  a  civic  crown  was  given  in  Rome  for  preserving  tke 
**  *  life  of  one  citizen,  Mr.  Boulton  should  be  covered  «ith 
"  *  garlands  of  oak ! ' " 

Mr.  Boulton  also,  at  a  later  date,  planned  and  directed  the 
arrangement  of  the  machinery  for  the  British  mint  on  Towo** 
hill,  and  executed  that  for  the  coining  department  He  M 
the  same  for  the  great  national  mints  of  Petersburg  aai 
Copenhagen;  as  his  son  afterwards  did  for  the  still  moff 
extensive  and  splendid  establishments  of  the  East  India  Coa- 
pany,  the  Calcutta  and  Bombay  mints.  Mr.  Boulton  stnck 
several  fine  medals  at  his  mint  at  Soho,  commemorative  c( 
persons  and  events  in  the  late  war  with  France ;  and,  in 
particular,  a  beautiful  one  of  Lord  Nelson,  on  the  occaaoB 
of  the  victory  of  Trafalgar,  2l8t  October,  1805 ;  the  reverse 
representing  the  British  fleet  bearing  down  into  action  in 
two  lines,  with  the  motto,  "  England  expects  evert  has 
"  WILL  DO  HIS  DUTY."  lu  a  truly  patriotic  spirit,  and  with 
the  consent  and  approbation  of  Govemmeut,  he  presented  on^ 
to  each  officer,  sailor,  and  marine  engaged  in  that  memoraUe 
action. 

Mr.  Watt's  inspection  of  the  Soho  manufactory,  and  the 
knowledge  he  acquired,  through  Dr.  Small's  friendly  office*, 
of  the  talent)  enterprise,  and  success  with  which  that  great 
concern  was  conducted,  seem  to  have  led  him  greatly  to 
desire  that  his  steam-engine  could  meet  with  so  happy  a  &te 
as  to  be  sheltered  and  cared  for  like  the  other  machines 
which  he  there  saw  successfully  at  work.     From  the  flnt 
letter  that  remains  from  Dr.  Small  to  Mr.  Watt,  (of  7  January, 
1768),  it  is  evident  that  some  conversation  had  passed  be 
tween  them  on  the  subject^  and  that  Dr.  S.,  while  <Mily 
informed  of  the  ingenious  discoveries  recounted  to  him  by 
Mr.  Watt^  and  as  yet  ignorant  of  the  precise  nature  of  ihe 
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connection  between  him  and  Roebuck,  had  formed  a  great 
esteem  for  his  new  acquaintance,  had  pressed  him  to  settle  at 
Birmingham,  and  had  engaged,  (which  in  any  ease  he  said 
they  would  most  certainly  do),  that  Mr.  Boulton  and  he 
should  both  assist  him  in  every  possible  way.  "  I  have  no 
^  kind  of  doubt  of  your  success,"  says  Dr.  S.,  "  nor  of  your 
"  acquiring  fortune,  if  you  proceed  upon  a  proper  plan  as  to 
"  the  manner  of  doing  business,  which  if  you  do  you  will  be 
"  sole  possessor  of  the  affair,  even  after  your  patent  has 

expired.    *    *     Whether  it  would  be  possible  to  manage 

the  wheel  and  reciprocating  engines  by  separate  partner- 
"  ships,  without  their  interfering,  I  am  not  certain ;  if  it  is, 
"  Boulton  and  I  would  engage  with  yati  in  either,  provided 
**  you  will  live  here.  I  am,  in  haste,  dear  Watt,  your  affec* 
"  tionate  humble  servant,  W.  Small." 

They  were  evidently  in  greater  doubt  as  to  the  expe- 
diency of  forming  any  intimate  business  connection  with 
Roebuck,  some  rumours  of  the  dangerous  extent  of  whose 
enterprises  had  probably  reached  Birmingham ;  although  of 
him  also,  it  is  proper  to  add.  Dr.  Small  writes,  at  the  same 
date,  "his  integrity  and  generosity,  everybody  agrees,  are 
"  great." 

In  the  earlier  part  of  1768,  Mr.  Watt,  "  close-working," 
as  he  terms  it,  actively  renewed  his  experimental  alterations 
and  trials  of  both  the  wheel  or  circulating  engine,  and  the 
reciprocating  or  condensing  one.  Putty  and  other  lutings, 
intended  to  keep  the  complicated  valves  of  the  former  tight, 
in  reality  hindered  them  from  shutting,  by  being  meta- 
morphosed into  "  the  form  of  little  balls ;"  and  contributed 
to  make  the  completion  of  that  machine, — what  it  always 
remained, — a  sort  of  labour  of  Sisyphus.  But  in  the  latter, 
great  progress  was  made  ;  for,  although  "  the  mercury  "  (with 
which  the  piston  was  packed),  "  by  an  unforeseen  accident 
"  found  its  way  into  the  cylinder,  and  played  the  devil  with 
"  the  solder,"  yet  the  piston  was  made  to  act  by  steam  above 
it,  as  well  as  by  the  vacuum  below  it ;  the  cylinder  was  set 
wholly  in  a  steam-case ;  the  piston  was  "  extremely  tight,  and 
^  might  easily  be  made  tighter  stUl ;  made  of  pasteboard. 
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"  baked  with  linseed  oil,  and  put  on  like  the  leather  of  a 

'^  pump-box."    He  further  piopond 
making  two  exhausting  banek  ii- 
stead  of  one,  and  giving  them  eidi 
half  of   its    stroke,    thereby  ]itK 
dueing  a   more    perfect  yacnim; 
*'  maUng  the  engine  go  of  itseU; 
"  that  the  strokes  may  be  counted,  and  the  water  measmed 
*^  that  is  boiled  away.     These  things  are  in  hand,  and  liD 
"  soon  be  done."     Tins  was  on  the  29th  of  April,  and  by  tie 
10th  of  May  he  had  got  the  two  new  exhausting  cylindoi 
cast,  bored,  and  partly  turned,  as  well  as  new  condensen 
made,  and  expected  to  have  them  going  again  by  the  end  of 
the  week. 

''  The  two  cylinders  stand  side  for  side ;  the  pipe  sat  botton 
"  communicate  with  two  condensers,  which,  by  the  pipe  e, 
"  commimicate  with  the  large  cylinder.  There  is  a  valve  at  t 
"  that  prevents  the  air  and  water  in  the  condenser  {torn  going 
"  into  the  big  cylinder  at  the  return  of  the  piston  of  the 
"  exhauster,  but  obliges  them  to  go  out  at  the  top  of  the  con- 
"  denser  through  the  pipe  e,  having  a  valve  at  bottom  to 
"  prevent  their  return.  This  pipe  e  has  another  use,  viz.,  to 
"  measure  accurately  the  quantity  of  water  condensed  [at] 
"  each  stroke,  by  observing  what  space  it  occupies  in  this  tube. 
"  I  take  this  to  be  the  best  way  of  determining  that  article, 
^'  if  we  can  make  the  pistons  of  the  exhausters  tight,  so  thai 
"  none  may  be  introduced  that  way.  As  soon  as  I  have  got 
"  it  completed  I  will  write  you,  that  I  may  either  come  to 
**  you  and  give  you  account  of  the  success,  or  you  come  here 
**  and  see  the  machine  go.  I  am  uneasy  till  I  know  Ae 
'^  exact  quantity  of  steam  consumed ;  though  from  several 
<'  circumstances  I  think  it  will  answer  hopes.  At  any  rate 
"  the  vacuum  is  good  and  sudden ;  the  consumption  un- 
"  doubtedly  the  least  possible." 

After  one  or  two  trials  which  gave  good  promise,  but  left 
**  several  motions  to  adjust  still,"  on  the  24th  of  May  he  was 
at  last  able  to  send  the  following  satisfactory  report  to  Dr. 
Roebuck : — 
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**  I  received  yours,  and  would  have  answered  it  sooner  if  I 
**  could  have  given  you  the  satisfaction  I  now  can.     I  this 
**  day  had  another  trial  of  the  engine  with  the  double  con- 
**  denser :  the  vacuum  was  as  before,  14  lbs.  on  the  inch,  and 
more  readily  formed,  though  this  new  apparatus  is  not  per- 
fectly air-tight.    From  some  circumstances  it  was  impossible 
to  measure  the  water  condensed  in  the  way  I  proposed,  but 
I  found  the  engine  could  easily  make  twenty  strokes  per 
minute  and  snift  properly,  when  the  steam  was  middling 
strong.     I  filled  the  boiler  to  a  certain  mark,  allowed  it  to 
come  a-boil,  and  boil  one  hour,  in  which  time  it  wasted  300 
cubic  inches:   I  repeated  this  experiment  with  the  same 
result  nearly.     Now  300,  divided  by  60,  gives  5  inches  in  a 
minute,  or  ^  inch  each  stroke.   Now,  the  cylinder  is  7 J  inch 
diameter,  squared  is  56 ;  deduct  J  to  give  square  inches : 
42  multiplied  by  12,  the  stroke,  504  cubic  inches — about 
S^part  of  a  cubic  foot ;  but  this  used  only  the  J  of  an  inch 
of  steam.     As  we  could  not  use  all  the  steam,  great  part 
went  oflf  at  the  loading-valve,  and  some  was  needlessly 
expended  from   another  cause,  which  I  shall  explain  at 
meeting.    Therefore  I  speak  within  bounds  when  I  say  that 
every  cubic  foot  of  the  contents  of  the  cylinder  will  require 
only  one  cubic  inch  of  water  to  be  evaporated,     I  am  even 
of  opinion  that^  in  a  large  engine,  with  a  strong  boiler  and 
a  hot  steam,  the  half  of  that  quantity  will  be  sufficient 
I  intend  to  have  the  pleasure  of  seeing  you  at  Einneil  on 
Saturday  or  Friday.     I  sincerely  wish  you  joy  of  this  suc- 
"  cessAil  result,  and  hope  it  will  make  you  some  return  for 
"  the  obligations  I  ever  will  remain  under  to  you." 

This  r^jult,  of  which  he  was  too  good  a  mechanician  not 
fully  to  comprehend  the  vast  importance  and  great  promise 
in  every  way,  seems  quite  to  have  decided  Mr.  Watt  on  at  all 
events  immediately  securing  his  invention  by  patent.  From 
a  jfriendly  letter  full  of  what  was  at  least  meant  to  be  good 
advice, — a  valuable  commodity,  of  which,  however,  the  supply 
too  often  exceeds  the  demand, — ^written  by  Professor  Jardine 
to  Mr.  Watt  in  1768,  (probably  early  in  the  summer),  and 
dated  from  Kinneil,  it  is  prjetty  apparent  that  the  inventor 

N 


€€ 

« 

U 

i( 


178  LIFE  OP  WATT.  Chap.  XIII. 

had  by  that  time  become  very  doubtful  of  Dr.  Boebuck's 
ability,  under  his  evident  embarrassments,  to  carry  out  the  in- 
vention with  the  requisite  vigour  and  resources.  But,  on  the 
other  hand,  "  the  more,"  says  Mr.  Jardine,  "  Dr.  Roebuck  is 
"  convinced  of  the  practicability  of  the  scheme,  the  keener  he 
"  is  of  carrying  it  [in]to  practice  yourselves  for  your  mutual 
"  advantage  ;"  and,  while  strongly  urging  him  to  keep  up  his 
spirits  and  hopes,  and  recommending  him  to  devote  some 
months  to  putting  up  a  new  engine  at  Bo'ness,  with  every  aid 
that  the  Doctor  could  furnish,  he  adds,  with  characteristic  dis- 
cernment ; — "  You  are  surely  very  near  to  something  that  will 
"  be  much  to  your  advantage :  the  happiness,  or  at  least  the 
interest,  of  your  family, — your  own  ease  and  amusement, — 
that  life  of  ingenious  indolence  which  you  have  often  figured 
out  to  yourself,  are  all  witliin  prospect ; — not  to  men- 
"  tion  the  honour  of  a  discovery  of  so  much  importance,  a 
"  circumstance  which  few  would  think  so  moderately  of  as 
**  yourself." 

Mr.  Watt  being  perfectly  satisfied  in  his  own  mind  of  the 
value  of  his  invention,  went  to  London  in  August  1768  to 
make  arrangements  for  taking  out  a  patent  for  it;  only 
delaying  the  completion  of  that  step  till  he  should  be  able,  if 
possible,  to  secure  the  aid  of  a  fit  associate  in  the  execution 
of  engines  for  sale,  with  an  equitable  adjustment  of  the  chance 
of  profit,  or  the  risk  of  loss.  Mr.  Boulton  had  intended  to 
have  met  him  in  town,  but  being  detained  at  home,  invited 
Mr.  Watt  to  visit  him  at  Soho,— at  "  THotel  de  TAmiti^ 
"  sur  Handsworth  Heath,"  as  he  called  his  own  hospitable 
house, — where  he  stayed  for  a  fortniglit,  to  the  great  joy  of 
Dr.  Small,  Dr.  Darwin,  and  Mr.  Keir,  who  were  asked  to 
meet  him.  Keir,  whom  Mr.  Watt  calls  "  a  mighty  chemist, 
"  and  a  very  agreeable  man,"  was  possessed  of  considerable 
literary  as  well  as  scientific  attainments,  and  is  still  known* 
as  having  been  the  author  of  a  translation  of  Macquer's 
*  Chemistry,'  and  of  an  interesting  paper  on  the  crystallisar 
tion  of  glass ;  of  another  paper  in  the  Philosophical  Trans- 
actions on  the  congelation  of  the  vitrioKc  acid ;  of  a  treatise 
on  tlie  different  kinds  of  permanently  elastic  fluids  or  gases^ 
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in  1777  and  1779 ;  of  a  fragment  of  a  Dictionary  of 
Chemistry  in  1789-90 ;  as  well  as  of  an  Account  of  the 
Life  and  Writings  of  the  eccentric  Philanthropist^  Thomas 
Day,  in  1791. 

On  fully  conversing  with  his  guest  as  to  the  nature,  posi- 
tion, and  prospects  of  his  invention,  Mr.  Boulton  expressed  a 
desire  to  be  "  concerned  in  the  fire-engine ;"  but  Mr.  Watt, 
with  that  regard  which  throughout  life  he  invariably  showed 
not  only  to  the  rights  and  interests  but  also  to  the  feelings 
of  others,  deferred  entering  into  any  agreement  to  that  effect 
until  he  should  first  have  seen  Dr.  Roebuck  again  on  the 
subject^  and  obtained  his  full  concurrence.  This  he  did  on 
returning  to  Scotland  in  October,  and  the  result  was  thus 
communicated  by  him  to  Mr.  Boulton,  dated  the  20th  of  that 
month : — "  When  you  were  so  kind  as  to  express  a  desire  to 
"  be  concerned  in  my  fire-engine,  I  was  sorry  I  could  not 
"  immediately  make  you  an  offer.  The  case  is  this : — By 
"  several  unsuccessful  projects  and  expensive  experiments  I 
"  had  involved  myself  in  a  considerable  debt  before  I  had 
"  brought  the  theory  of  the  fire-engine  to  its  present  state. 
"  About  three  years  ago,  a  gentleman  who  was  concerned 
**  with  me  died.  As  I  had  at  that  time  conceived  a  very 
"  clear  idea  of  my  present  improvements,  and  had  even  made 
•*  some  trial  of  them,  though  not  so  satisfactory  as  has  been 
"  done  since.  Dr.  Roebuck  agreed  to  take  my  debts  upon 
"  him,  and  to  lay  out  whatever  more  money  was  necessary 
**  either  for  experiments  or  securing  the  invention ;  for  which 
"  cause  I  made  over  to  him  two-thirds  of  the  property  of  the 
**  invention.  The  debts  and  expenses  are  now  about  1200?. 
"  I  have  been  since  that  time  employed  in  constructing 
several  working  fire-engines  on  the  common  principles,  as 
well  as  in  trying  experiments  to  verify  the  theory.  As  the 
"  Doctor,  from  his  engagements  at  Bo'ness,  and  other  business, 
"  cannot  pay  much  attention  to  the  executive  part  of  this, 
**  the  greatest  part  of  it  must  devolve  on  me,  who  am,  from 
"  my  natural  inactivity  and  want  of  health  and  resolution, 
"  incapable  of  it  It  gave  me  great  joy  when  you  seemed  to 
<*  think  so  favourably  of  our  scheme,  as  to  wish  to  engage  in 
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'Mt ;  I  therefore  made  it  my  business,  as  soon  as  I  got  home, 
"  to  wait  on  the  Doctor  and  propose  you  as  one  I  wished  he 
"  would  make  an  offer  to,  which  he  agreed  to  with  a  great 
"  deal  of  pleasure,  and  will  write  you  in  a  few  days,  that  if 
"  agreeable  you  may  be  a  third  part  concerned,  on  paying 
"  the  half  of  the  cost  and  whatever  you  may  think  the  risk 
"  he  has  run  deserves,  wliich  last  he  leaves  to  yourselt  If 
**  you  should  not  choose  to  engage  on  these  terms,  we  mU 
"  make  you  an  offer  when  the  whole  is  more  perfect,  which  I 
**  hope  it  will  soon  be."  *  *  *  "If  this  reciprocating 
"  engine  should  not  [answer],  it  must  be  [from]  some  mecha- 
"  nical  diflBculty,  which,  I  think,  we  may  certainly  get  the 
"  better  of.  If  Dr.  Small  should  choose  to  be  concerned 
"  with  you  in  this,  I  have  reason  to  think  it  would  be  agree- 
"  able  to  Dr.  Roebuck,  and  would  be  highly  so  to  me.  If 
"  you  should  not  choose  to  engage  with  this  affair  in  its 
"  present  state,  or  at  any  rate,  you  will  let  this  letter  remain 
"  a  secret  except  to  Dr.  Small." 

It  was  in  the  meantime  determined,  while  awaiting  Mr. 
Boulton's  reply,  that  the  patent  should  be  taken  out,  so  as  at 
all  events  to  secure  the  property  in  the  new  engine  to  its 
inventor,  and  those  who  might  be  associated  with  him  in  its 
manufacture.  On  the  5th  of  January,  1769,  accordingly,  the 
memorable  patent  for  "  a  new  method  op  lessening  the 

"  CONSUMPTION  OF  STEAM  AND  FUEL  IN   FIRE-ENGINES  "  WaS 

obtained;  and  the  relative  specification  in  due  course,  that 
is,  within  four  months  afterwards,  enrolled.  Dr.  Roebuck  had 
agreed,  in  consideration  of  receiving  an  assignation  of  two- 
thirds  of  the  property  of  the  invention,  to  defray  the  debt  (of 
nearly  lOOOZ.)  incurred  by  Mr.  Watt  in  making  the  previous 
experiments,  and  also  the  expense  of  the  patent,  and  of  any 
further  experiments;  while  Mr.  Watt  was  "to  attend  and 
"  conduct  the  experiments."  In  reality  it  turned  out  that 
Mr.  Watt  had  to  meet  all  the  expenses,  with  the  exception  of 
the  debt  of  1000^.,  which  Eoebuck  took,  as  agreed,  upon  him- 
self; and  although  the  funds  thus  reqidred  were  not  of  any 
very  large  amount^  they  still  were  such  as  Mr.  Watt  might 
have  had  extreme  difficulty  in  providing  out  of  his  small 
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profits  in  the  regular  way  of  his  business.  We  have  ascer- 
tained that,  at  least  to  nearly  the  whole  extent  required  for 
obtaining  the  patent,  they  were  adyanced  by  Dr.  Black ;  who 
in  this,  as  well  as  in  many  other  ways,  had  both  the  ability 
and  the  inclination  to  promote  the  success  of  the  labours  of 
his  young  friend. 

We  need  scarcely  add  that  the  sum  thus  provided  was 
gratefully  repaid,  with  interest,  by  Mr.  Watt,  when  days  of 
greater  affluence  had  dawned  upon  him.  But  we  feel  plea- 
sure in  making  known  this  instance,  which  we  belieye  is  not 
a  solitary  one,  in  which  Dr.  Black  showed  himself  ready  to 
aid  a  deserving  neighbour  less  opulent  than  himself;  as  it  has 
been  alleged, — ^probably  not  altogether  without  reason, — that 
the  learned  Doctor  was  somewhat  penuriously  attached  to 
the  saving  of  money.  The  considerable  fortune  which  he 
bequeathed  to  liis  relations,  (upwards  of  20,000t),  certainly 
bore  witness  to  his  prudence  as  a  financier  no  less  than  to  his 
succoss  as  a  physician;  but  on  this  subject  we  cannot  do 
better  than  quote  from  one  of  his  letters  to  Mr.  Watt,  iMitten 
in  the  last  year  of  his  life,*  in  which  he  says, — "  You  should 
study  now  to  enjoy  relaxation  from  business,  and  the  amuse- 
ments wliich  are  the  most  suited  to  your  taste ;  but  above 
all,  relaxation  and  ease,  and  gentle  exercise,  and  change  of 
air.  You  need  not  be  anxious  now  about  your  fortune.  It 
is  already  abundant,  and  it  will  increase  constantly,  even 
while  you  are  sleeping.  It  is,  however,  one  of  the  follies  of 
old  age  to  be  too  intent  on  the  accumulation  of  riches ;  and 
I  feel  in  myself  a  degree  of  that  inclination.  Those  of  us 
especially  who  have  made  a  little  fortune  by  our  own 
industry,  set  a  high  value  on  riches  on  account  of  the  labour 
"  wliich  they  have  cost  us ;  and  when  time  has  put  an  end  to 
"  other  enjoyments,  one  of  our  greatest  pleasures  is  to  increase 
"  the  hoard.  We  do  not  consider  that  it  is  already  sufficient 
for  every  reasonable  purpose.  We  have  acquired  a  taste 
and  a  liabit  which  we  indulge.  If  you  can  be  amused  with 
"  the  works  of  Horace,  you  will  find  in  them  many  pleasant 
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182  LIFE  OP  WATT.  Chap.XIII. 

^  allasions  to  this  folly,  and  ingenioas  expositions  of  tbf 
**  absurdity  of  it."  We  can  hanlly  imagine  either  a  wxt 
pleasant  allusion  to  the  foible  in  question,  or  a  more  sound 
exposition  of  the  absurdity  of  it,  than  those  thus  delivered  bj 
the  amiable  and  philosophic  Doctor  ;  whose  discourse  souuds 
partly  as  a  warning  against  the  sin,  and  partly  as  a  rather 
complacent  confession  of  its  commission. 
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CHAPTER   XIV. 

SPECIFICATION  OF   THE   PATENT   OF    1769 INTERRUPTED   NEOOTIATIONB  — 

CONTINUED  EXPERIMENTS — EXPANSIVE  POWER  OF  STEAM  —  SUCCESSFUL 
TRIAL  OF  ENGINE  AT  KINNEIL — PIPE-CONDENSER — FURTHER  NEGO- 
TIATIONS WITH  80H0  —  CONTINGENT  AGREEMENT  WITH  DR.  ROEBUCK  — 
POSITION    AND   CIRCUMSTANCES   OF   MR.    WATT. 

Watt,  while  continuing  his  experiments  at  Glasgow,  and  his 
preparations  for  further  trials  of  the  engine  "  in  the  glen 
behind  Eanneil,"  where  "  the  bum  afforded  plenty  of  cold 
water "  for  condensation,  and  tliere  was  greater  "  freedom 
from  speculation  than  about  Bo'ness,"  now  busied  himself 
in  making  a  draft  of  the  Specification,  which  had  to  be  given 
in  and  enrolled  within  four  calendar  months  of  the  date  of 
the  Letters  Patent.  In  the  preparation  of  this  document, 
which  afterwards  became  one  of  great  interest  in  the  history 
of  the  steam-engine,  not  only  from  the  nature  of  its  contents, 
but  also  from  the  long  and  fiercely-contested  litigation  of 
which  it  was  the  turning  point,  he  received  the  benefit  of  the 
advice  of  his  friends  Dr.  Small  and  Mr.  Boulton;  and  the 
event  showed  that  their  enlai^ed  views  of  the  principles  on 
which  it  ought  to  be  framed,  were  sound  and  judicious. 

"Mr.  Boulton  and  I,"  WTites  Dr.  Small  to  Mr.  Watt,* 
"  have  considered  your  paper,  and  think  you  should  neither 
"  give  drawings  nor  descriptions  of  any  particular  machinery, 
"  (if  such  omissions  would  be  allowed  at  the  office),  but 
"  specify  in  the  clearest  manner  you  can  that  you  have  dis- 
"  covered  some  principles,  and  thought  of  new  applications  of 
"  others,  by  means  of  both  which,  joined  together,  you  intend 
"  to  construct  steam-engines  of  much  greater  powers,  and 
"  applicable  to  a  much  greater  number  of  useful  purposes, 
"  than  any  which  hitherto  have  been  constructed ;  that  to 
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"  effect  each  particular  purpose,  yon  design  to  employ  pMv 
"  ticular  machinery,  every  species  of  which  may  be  ranged  in 
**  [one  of]  two  classes :  one  class  for  prodncing  reciprocil 
^  motions,  and  another  for  producing  motions  round  axes. 

^  As  to  your  principles,  we  think  they  should  be  enunciated, 
^  (to  use  a  liard  word),  as  generally  as  possible,  to  secure  too 
^  as  effectually  against  piracy  as  the  nature  of  your  inyentiaa 
^  will  allow.  You  might  declare  in  some  such  manner  as  the 
"  following : — 

First,  you  intend  that  the  vessels  in  which  powers  of 

steam  will  be  employed  to  work  such  engines  as  you  may 

construct,  shall  be  heated,  before  the  working  of  the  engines 
^'  shall  begin,  at  least  as  hot  as  the  steam  to  be  conveyed  into 
^*  the  vessels,  and  that  this  heat  of  the  vessels  shall  be  ren- 
"  dered  equable,  whilst  the  engines  work,  by  suffering  them 
^  to  be  entered  or  touched  in  that  time  by  no  substance 
"  colder  than  the  steam  they  are  designed  to  receive,  by 
**  covering  them  with  materials  which  allow  bodies  so  covered 
"  to  cool  very  slowly,  and  by  proper  applications  of  heated 

bodies  when  they  may  be  wanted.     The  vessels  mentioned 

in  this  paragraph  you  call  steam-vessels. 

"Secondly,  in  the  engines  which  you  may  erect  to  be 
"  worked,  either  wholly  or  partially,  by  condensation  of  steam, 
"  you  intend  that  the  steam  shall  be  condensed  in  vessels 
"  distinct  from  the  steam-vessels,  though  occasionally  com- 
"  municating  w  ith  them.  These  vessels  you  call  condensers ; 
"  and,  whilst  the  engine  may  be  working,  you  intend  to  keep 
"  the  condensers  constantly  at  least  as  cold  as  the  air  then  in 
"  the  neighbourhood  of  the  engines,  by  applications  of  water, 
"  and  other  means  of  cooling  heated  bodies. 

"  Thirdly,  whatever  air  or  other  uncondensible  elastic 
"vapour  may  impede  tlie  operations  of  the  engines,  you 
"  intend  shall  be  drawn  out  by  machines  in  the  manner  of 
"  pumps,  to  be  worked  by  the  engines  themselves. 

"  Fourthly,  you  intend  that  on  different  occasions  the 
"  necessary  steam  shall  be  produced  from  different  substances, 
"  soUd  or  fluid,  or  partly  solid  and  partly  fluid,  as  may  be 
*^  most  convenient ;  and  also  that  the  vessels  in  which  the 


it 


Chap.  XIV.    SPECIFICATION  OF  PATENT  OF  1769.  185 

•  steam  shall  be  produced,  (which  you  call  boilers),  shall  be 
**  of  diflferent  forms  on  these  different  occasions. 

"Fifthly,  in  many  cases  you  design  to  employ  steam  in 
•*  producing  reciprocal  motions  in  a  manner  like  to  that 
**  in  which  portions  of  the  atmosphere  are  now  employed  in 
**  ordinarj'  reciprocating  engines,  to  wit,  by  pressing  at  proper 
**  times  upon  pistons  of  proper  structures. 

"  Sixthly,  to  produce  by  means  of  steam  motions  round 
^  axes,  you  intend  sometimes  to  employ  reciprocatory  joined 
**  to  other  machines,  but  more  frequently  steam-yessels  of 
**  forms  fitted  to  different  purposes.  These  steam-yessels  will 
**  be  mounted  on  axes,  and  will  contain  weights,  either  solid 
*•  or  fluid,  or  partly  solid  and  partly  fluid ;  which  weights,  or 
**  the  centres  of  their  grarity,  being  constantly,  whilst  the 
**  engines  work,  pressed  by  steam  beyond  planes  perpen- 
**  dicular  to  the  horizon,  and  in  which  planes  the  axes  will 
**  lie,  will  cause  motions  of  the  steam-yessels. 

"  Seventhly,  in  these  last-mentioned  engines,  in  which 
"  steam-vessels  must  move  round  axes,  on  some  occasions 
"  you  intend  to  use  tlie  condensers  described  above ;  but 
"  on  others,  to  discharge  the  steam  from  the  steam-yessels, 
"  through  proper  outlets,  into  the  atmosphere. 

"  Lastly,  to  render  pistons  and  other  parts  of  the  mcwihinery 
**  air  and  steam-tight,  instead  of  water  you  design  to  employ 
**  paper  and  pasteboard  prepared  with  oils,  oils  themselves,  or 
"  fat  of  animals,  quicksilver,  or  melted  metals." 

Dr.  Small  adds,  in  a  part  of  his  letter  written  two  days 
later,  "I  am  certain  that,  from  such  a  specification  as  I 
"  have  written,  any  skilful  mechanic  may  make  your  engines, 
"  although  it  wants  correction ;  and  you  are  certainly  not 
"  obliged  to  teach  every  blockhead  in  the  nation  to  construct 
"  masterly  engines."  The  form  of  specification  thus  pru- 
dently recommended,  differed  but  slightly  from  that  ultimately 
adopted,  which  was  signed  and  sealed  on  the  25th  of  April, 
and  enrolled  on  the  29th  of  that  month. 

This  letter  was  accompanied  by  one  from  Mr.  Boulton,*  in 
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which  he  says  that  Dr.  Boebuck  had  offered  him  *'  a  share 
"  of  his  property  in  the  engine,  as  far  as  respects  the  comities 
"  of  Warwick,  Stafford,  and  Derby,"  and  then  goes  on :  "  I 
^'  am  obliged  to  you  and  him  for  thinking  of  me  as  a  partner 
"  in  any  degree ;  but  the  plan  proposed  to  me  is  so  very 
"  different  from  that  which  I  had  conceived  at  the  time  I 
"  talked  with  you  upon  that  subject,  that  I  cannot  think  it  a 
"  proper  one  for  me  to  meddle  with,  as  I  do  not  intend  tum- 
"  ing  engineer.  I  was  excited  by  two  motives  to  offer  you 
"  my  assistance — which  were,  love  of  you,  and  love  of  a 
"  money-getting,  ingenious  project  I  presumed  that  your 
"  engine  would  require  money,  very  accurate  workmanship, 
"  and  extensive  correspondence,  to  make  it  turn  out  to  the 
'^  best  advantage ;  and  that  the  best  means  of  keeping  up 
"  the  reputation,  and  doing  the  invention  justice,  would  be 
"  to  keep  the  executive  part  out  of  the  hands  of  the  multi- 
"  tude  of  empirical  engineers,  who,  from  ignorance,  want  of 
"  experience,  and  want  of  necessary  convenience,  would  be 
"  very  liable  to  produce  bad  and  inaccurate  workmanship ; 
"  all  which  deficiencies  would  affect  the  reputation  of  the 
"  invention.  To  remedy  which,  and  to  produce  the  most 
"  profit,  my  idea  was  to  settle  a  manufactory  near  to  my 
"  own,  by  the  side  of  our  canal,  where  I  would  erect  all  the 
"  conveniences  necessary  for  the  completion  of  engines,  and 
"  from  which  manufactory  we  would  serve  all  the  world  with 
"  engines  of  all  sizes.  By  these  means  and  your  assistance 
"  we  could  engage  and  instruct  some  excellent  workmen,  who 
"  (with  more  excellent  tools  than  would  be  worth  any  man's 
"  while  to  procure  for  one  single  engine)  could  execute  the 
"  invention  20  per  cent,  cheaper  than  it  would  be  otherwise 
"  executed,  and  with  as  great  a  difference  of  accuracy  as 
"  there  is  between  the  blacksmith  and  the  mathematical- 
"  instrument-maker.  It  would  not  be  worth  my  while  to 
"  make  for  three  counties  only ;  but  I  find  it  very  well  worth 
"  my  while  to  make  for  all  the  world. 

"  What  led  me  to  drop  the  hint  I  did  to  you  was  the  pos- 
"  sessing  an  idea  that  you  wanted  a  midwife  to  ease  you  of 
"  your  burthen,  and  to  introduce  your  brat  into  the  world. 
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•*  which  I  should  not  have  thought  of  if  I  hod  known  of  your 

•  pre-engagement ;  but  as  I  am  determined  never  to  embark 
•*  in  any  trade  that  I  have  not  the  inspection  of  myself,  and 

•  as  my  engagements  here  will  not  permit  me  to  attend  any 
^  business  in  Scotland,  and  as  the  Doctor's  engagements  in 
•*  Scotland  will  not,  I  presume,  permit  his  attendance  here, 
*^  and  as  I  am  almost  saturated  with  undertakings,  I  think  I 

•*  must  conclude  to .   No,  you  shall  draw  the  conclusion : 

**  yet,  nevertheless,  let  my  conclusions  be  what  they  will, 
•*  nothing  will  alter  my  inclinations  for  being  concerned  with 
**  you,  or  for  rendering  you  all  the  service  in  my  power ;  and 
•*  although  there  seem  to  be  some  obstructions  to  our  partner- 
•*  ship  in  the  engine  trade,  yet  I  live  in  hopes  that  you  or  I 
**  may  hit  upon  some  scheme  or  other  that  may  associate  us 
**  in  this  part  of  the  world,  which  would  render  it  still  more 
**  agreeable  to  me  than  it  is,  by  the  acquisition  of  such  a 
"  neighbour." 

Although  the  disappointing  intelligence  of  the  failure,  so 
&r,  of  the  negotiation  with  Mr.  Boulton,  reached  Mr.  Watt 
just  after  he  had  written  to  Dr.  Roebuck  that  from  fresh  trials 
of  the  engine,  "  its  doing  twice  as  w^ell  as  the  common  [one] 
**  is,  I  think,  absolutely  certain,  from  what  Mr.  Jardine  saw, 
"  and  there  is  little  reason  to  fear  but  what  it  will  do  all  we 
"  expected,"  he  did  not  allow  it  to  interfere  with  the  continu- 
ance of  his  experimental  improvements.  On  the  22nd  of 
February  he  tlius  describes  a  further  alteration  of  the.  con- 
denser, with  which  he  was  much  pleased  : — "  In  the  piston  of 
"  the  condenser  there  are  valves  as  in  a  common  pump ;  it 
**  is  2  inches  diameter,  stroke 
"  6  inches;  contains  18 cubic 
"  inches  water.  The  pipe  b 
"  of  the  condenser  is  sur- 
"  rounded  with  an  outer 
"  pipe ;  cold  water  runs  be- 
"  tween.  The  pipe  b  and 
"  box  c  contain  above  9 
"  cubic  inches  water ;  at  e  is 
"  a  sliding  valve  which  is  opened,  and  kept  open  for  a  little 
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^  space  when  the  piston  a  is  at  the  lowest.     The  moath  rf 
^  the  pump  being  above  water,  the  piston,  when  it  was  il 
^  top,  threw  out  almost  all  the  water  contained  above  it; 
^  when  it  is  at  the  bottom,  the  water  in  the  cistern  nms i&ift 
^  the  yalve  c  and  fills  the  pump  up  to  the  level  of  the  miff 
in  the  cistern,  and  by  that  means  puts  out  the  water  heatd 
in  the  last  stroke ;  when  the  piston  is  raised  the  valve  ■ 
^  shut,  and  the  steam,  or  what  of  it  is  not  condensed,  pndiei 
^^  the  water  before  it  into  the  pump,  and  endeayours  to  foDov 
'^  it  into  the  pump,  but  is  condensed  with  a  crack.    It  ■ 
**  not  possible,  if  the  water  be  cold,  that  any  of  it  can  surriw 
'^  this  operation ;  and  the  machine  is  simple  and  works  eas]r. 
"  I  propose  working  the  condenser  by  a  waterwheeL"    On 
the  14th  of  March  he  says : — "  I  this  day  made  trial  of  the 
"  power  of  the  engine,  and  found  that,  after  it  was  clear  d 
"  air,  it  readily  lifted  620  lbs.,  and,  I  belieye,  would  have 
"  lifted  more,  but  had  none  at  hand.     The  whole  pressure 
'^  on  the  piston  is  about  740  lbs. ;  this  w  as  with  a  steam  not 
"  able  to  support  above  one,  or  at  most  two  inches  of  lne^ 
"  cury ;" — and,  two  days  after,  "  Since  I  wrote  you  I  added 
*^  80  lbs.  to  the  load  of  the  engine,  making  in  aU  TOUbai 
"  net,  which  it  lifted  easily.     However,  the  additional  weight 
"  being  a  large  mortar  and  inconvenient,  I   took  it  off  and 
"  wrought  it  a  few  strokes  with  the  624  lbs.,  which  it  rafaes 
"  on  half  a  revolution  of  the  handle  of  the  condenser,  or  the 
"  stroke  of  our  pump.     Tliis  seems  to  depend  wholly  on  the 
"  coolness  and  quantity  of  water  that  passes  through  the  con- 
"  denser,  wliich  I  have  an  easy  method  of  increasing.    I  finl 
"  tins  cylinder,  being  of  cast-iron,  and  near  one-eighth  indi 
"  wider  at  one  end  than  it  is  at  the  other,  is  not  so  steam- 
"  tight  without  oil  as  the  block-tin  one  I  had  last  was;  I 
"  therefore  make  use  of  the  oil-pump  and  train-oil,  which 
"  answers  i)erfectly  well,  keeping  a  constant  circulation.  The 
"  best  and  cheapest  cylinders  will  be  of  block-tin ;  they  will 
*^  be  defended  from  external  injuries  by  the  wooden  case,  and 
"  have  nothing  to  fear  from  the  inside." 

Not  only  was  the  "  tolerably  tight  piston  "  here  spoken  of 
rather  difficult  to  execute,  but  the  condenser  also  was  con- 
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Blantly  undergoing  further  yariations.  Its  pumps  were  made 
"  frictionless,"  but  then,  they  "  aflforded  a  lodgment  for  air ;" 
that  plan  "  was  therefore  rejected,  and  block-tin  cylinders 
«*  put  in  its  place.  These  cylinders,"  he  says,  "  are  Scinch 
■*  diameter ;  the  piston  moves  up  and  down  1 J  inch ;  the 
•*  piston-stalks  are  suspended  on  a  beam  on  edges ;  the 
**  beam  is  made  to  vibrate  by  means  of  two  spiral  wheels  that 
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press  down  first  one  end  and  then  the  other.  This  spiral 
puts  them  down  very  quick  in  the  first  part  of  its  motion, 
but  during  the  last  fourth  of  its  revolution  it  only  moves 
them  1\  inch,  that  being  the  only  time  that  anything  be- 
side  friction  opposes  its  motion,  as  it  is  then  putting  out  its 
water  and  raising  the  whole  power  of  the  air  on  the  other 
piston.  During  this  part  of  the  revolution,  the  valve  at 
bottom  is  opened  by  a  trigger,  having  little  to  oppose  it,  as 
that  lobe  of  the  condenser  is  then  a  plenum ;  then  the 
water  surrounding  the  condenser  being  higher  by  six  inches 
than  the  top  of  the  pumps,  rushes  up  through  the  con- 
denser and  pump,  and  cools  it  On  trial,  the  condensation 
is  more  rapid  than  ever,  the  force  necessary  to  move  the 
condenser  much  less  than  you  could  well  imagine,  and  the 
ease  of  execution  quadruple  what  it  ever  was  of  any  former 
condenser,  for  instance.  This  one  is  made  of  wood  and 
block-tin." 
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Then  comes  a  very  early  intimation  of  a  most  important 
principle,  afterwards  applied,  with  the  best  effect,  in  the 
manufacture  of  the  improved  engine,  and  included  by  Mr. 
Watt  in  his  patent  of  1782;  viz.  the  use  of  the  expansive 
force  of  steam  cus  it  rushes  into  a  vacuum.  Of  this,  it  appears 
from  one  of  his  letters  to  Mr.  Boulton,  written  in  1781,  that 
he  had  thought  in  1767 ;  but  he  here  most  clearly  sets  it 
forth,  as  especially  applicable  to  the  wheel  or  circulating 
engines,  which  continued  to  divide  his  attention  with  recipro- 
cating or  condensing  ones  : — "  I  mentioned  to  you  a  method 

*  of  still  doubling  the  effect  of  the  steam,  and  that  tolerably 

*  easy,  by  using  the  power  of  steam  rushing  into  a  vacuum, 

*  at  present  lost.   This  would  do  a  little  more  than  double  the 
effect,  but  it  would  too  much  enlarge  the  vessels  to  use  it  all ; 

'  it  is  peculiarly  applicable  to  wheel-engines,  and  may  supply 

*  the  want  of  a  condenser  where  force  of  steam  is  only  used ; 

*  for,  open  one  of  the  steam-valves,  and  admit  steam  until 

*  one-fourth  of  the  distance  between  it  and  the  next  valve  is 

*  filled  with  steam ;  shut  the  valve,  the  steam  will  continue 

*  to  expand,  and  to  press  round  the  wheel  with  a  diminishing 

*  power  ending  in  one-fourth  of  its  first  exertion.     Tlie  sum 

*  of  this  series  you  will  find  greater  than  one-half,  though 
'  only  one-fourth  steam  was  used.  The  power  will,  indeed, 
'  be  unequal,  but  this  can  be  remedied  by  a  fly,  or  several 
'  other  ways." 

Gradually  the  completion  of  the  engine  "in  great"  at 
Kinneil  approached :  by  5th  July,  1769,  almost  every  part 
of  it  was  ready  for  putting  together ;  the  boiler  was  set,  the 
great  beam  hung;  the  condenser  finished  "much  to  his 
"  liking,"  with  two  pumps  of  tin,  9  inches  in  diameter,  and 
the  rest  of  it  hardened  lead,  fastened  to  a  strong  frame  of 
wood.  The  iron  cylinder,  (enclosed  in  another  of  wood),  the 
piston-rod,  and  piston,  "  the  best  Carron  could  produce,"  were 
yet  "  not  over  good,"  the  cylinder  being  in  one  part  oval, 
either  from  an  inaccuracy  of  the  mould  in  which  it  had  been 
cast,  of  the  action  of  the  tool  by  which  it  had  been  bored,  or 
from  some  injury  received  in  setting  it  up ;  and  the  adjusting 
and  fitting  together  of  all  the  parts  occupied  a  long  time. 
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Yet  at  last,  early  in  September,  it  was  set  to  work ;  and, 
although  the  first  trial  did  not  appear  to  be  decisive  either 
way,  chiefly  owing  to  the  inequality  of  the  cylinder  and 
consequent  untightness  of  the  piston,  letting  both  the  steam 
that  drove  it  and  the  oil  that  "  packed "  it  escape,  yet  Mr. 
Watt  felt  that  he  was  still  allowed  "  to  flatter  himself  with 
•*  hopes," — too  often  now  his  only  indulgence.     "  The  boiler 
**  with  a  small  fire,"  he  says,  "  easily  supplied  more  steam 
**  than  we  could  destroy,  although  there  were  many  outlets 
**  for  it,  wliich  we  took  no  care  to  stop,   being  employed 
**  otherwise.     The  boiler-top  and  w^ooden  cylinder  were  very 
**  tight,  as  were  all'our  vacuum  joints  and  valves ;  the  plates 
•*  that  let  out  steam  were  at  the  man-hole  door  and  at  the 
screws  that  fastened  the  steam-box  to  the  wooden  cylinder, 
which,  had  other  tilings  been  right,  we  should  soon  have 
corrected.     The  only  conclusion  I  can  draw  from  this  trial, 
is,  that  supposing  we  cannot  employ  oil  to  keep  the  piston 
tight,  and  that  we  cannot  make  it  better  than  we  had  it,  it 
would  work  easily  with  8  lbs.  on  the  inch,  and  would  not 
consume  above  half  the  steam  used  by  a  common  engine. 
Even  this  I  will  not  positively  affirm,  although  I  think 
"  there  is  reason  to  believe  it."     To  correct  the  elliptical 
error  of  the  cylinder,  he  proposed  hammering  it  from  the  out- 
side on  a  truly  cylindrical  block  of  wood  within,  and  making 
future  cylinders  of  copper,  for  the  convenience  of  such  adjust- 
ments, instead  of  relying  on  the  bad  casting  and  boring  of  iron 
in  those  days ;  while  soon  afterwards  he  thus  describes  a  new 
sort  of  condenser,  which  he  called  the  pipe-condenser : — "  The 
"  new  condenser  consists  of  two  sets  of  pipes,  eight  in  each  set, 

"  thus :  —  ^  ^  ^  ^    ^  ^  ^  ^'  they  are  each  J  inch  diameter 

"  and  18  inches  long,  16  inches  of  which  will  be  evacuated 
"  [at]  each  stroke  of  the  pump ;  they  are  to  be  ^  an  inch  dis- 
"  taut  from  one  another  in  all  directions ;  each  set  is  to  be 
"  surrounded  at  ^  an  inch  distant  in  a  box  of  wood,  through 
"  which  cold  water  can  be  made  to  run  at  pleasure.  They 
"  are  joined  at  top  by  a  thin  cast-iron  box,  through  which 
"  they  communicate  with  the  steam.    It  is  made  sloping  at 
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"  the  ends,  that  as  little  useless  water  as  possible  may  be  in 
"  circulation.    They  are  joined  at  bottom  by  another  cast- 


"  iron  box,  through  wliich  they  communicate  with  the  pumps, 
"  which  ate  of  copper,  5  inches  diameter ;  two  diaphragms  of 
"  wood  prevent  their  commuoioating  with  one  another,  the 
**  box  being  continued  only  for  strength.  It  was  indeed  ori- 
"  giaally  made  with  an  intention  to  have  no  communication 
"  at  top,  but  the  steam  to  enter  at  a,  by  which  means  the 
"  valvea  needed  only  be  water-tight,  whereas  they  must  be 
"  air-tigiit  above ;  but  on  condensation  the  steam,  whenever 
"  it  entered,  (which  would  be  as  soon  as  any  part  of  the  pipes 
"  was  empty),  would  rise,  or  attempt  to  rise,  through  the 
"  water  iu  the  pipes,  and  would  heat  it ;  but  the  piston  of 
"  the  pump  still  ascending,  that  water  would  descend  into  the 
'<  box  below,  and  part  might  get  into  the  pump,  and  be  tliere 
**  converted  into  steam  ;  not  being  exposed  to  much  conden- 
"  sation  at  best,  if  it  got  no  further  than  the  box  it  would  re- 
"  main  warm  until  the  cold  of  the  pipes  made  a  vacuum, 
"  when  it  would  boil  and  go  to  them  to  be  condensed,  and  it 
"  is  much  to  be  feared  that  this  heating  and  cooling  might 
"  prolong  the  time  of  condensation.  I  have  sometimes 
"  thought  that  something  of  this  kind  happened  in  the  other 
"  condenser,  and  concurred  with  other  devils  to  plague  me ; 
"  and  indeed  I  was  so  out  of  humour  with  myself  and  it,  I  did 
"  not  try  all  experiments  I  might  have  done  to  clear  that  up. 
"  I  make  use  of  the  same  beam  and  crank  I  bad  before,  only 
*■  I  place  tliese  pumps  at  the  extremities  of  the  beam,  where 
**  they  have  about  four  inches  stroke.    The  way  the  crank  is 


Chap.  HT,  EXPERIMENT  AT  KINNEIL.  193 

"  applied  I  tliiak  simple,  yet  answers  as  well  as  a  crank  can 
"  answer." 


After  the  experiment  at  Kinneil  had  a&esh  inspired  him 
with  at  least  partial  confidence,  which,  however,  he  always  ia 
-careful  to  express  with  great  modesty,  Mr.  Watt  pressed 
Dr.  Boebnck,  who  was  then  about  to  set  out  on  a  journey  into 
Bngland,  to  try  to  conclude  some  bat^ain  with  Mr.  Boultou ; 
"  which,"  he  says,  "  even  though  it  should  appear  a  little 
*•  hard  for  ns,  I  would  wish  you  to  accept,  &om  the  following 
"  coQsiderationB : — Ist.  From  Mr.  Boultoo's  own  character  as 
"  an  ingenious,  honest,  and  rich  man.  You  know  him  much 
"  better  than  I  do,  but  the  worst  I  have  ever  heard  of  him 
"  amounted  to  his  being  a  projector.  2ndly.  From  the  diffi- 
"  cnlty  and  expense  there  would  be  of  procuring  accurate 
"  and  honest  workmen,  and  providing  them  in  proper  utensils, 
"  and  getting  a  proper  overseer  or  overseers.  If,  to  avoid 
"  this  inconvenience,  you  were  to  contract  for  the  work  to  be 
"  done  by  a  master-workman,  you  must  give  up  a  great  share 
"  of  the  profit  3rdly.  The  success  of  the  engine  is  yet  far 
"  from  being  verified.  If  Mr.  Boulton  takes  his  chance  of 
"  succesB  from  the  account  I  shall  write  Dr.  Small,  and  pays 
"  you  any  adequate  share  of  the  money  laid  out,  it  lessens 
"  your  ri^  and  in  a  greater  proportion  than  I  think  it  will 
"  lessen  your  profits.    4thly.  The  assistance  of  Mr.  Boulton 's 
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^'  and  Dr.  Small's  ingenuity  (if  the  latter  engage  in  it)  ii 
improving  and  perfecting  the  machine  may  be  vefy  cob- 
siderable,  and  may  enable  us  to  get  the  better  of  diflScohiei 
that  might  otherwise  damn  it.  Lastly.  Consider  my  iin» 
''tain  health,  my  irresolute  and  inactive  disposition,  mrift- 
"  ability  to  bargain  and  struggle  for  my  own  with  mankiDd; 
all  which  disqualify  me  for  any  great  undertaking,  (k 
our  side,  consider  the  first  outlay  and  interest ;  the  patent; 
"  the  present  engine,  about  200/.  (though  there  would  not  be 
''  much  loss  in  making  it  into  a  common  engine)  ;  two  jeiii 
"  of  ray  time,  and  the  expense  of  models." 

While  thus,  on  the  one  part^  it  had  come  to  be  a  qnestioi 
with  the  inventor,  whether  there  would  be  **  much  los" 
in  converting  the  machine  which  was  to  revolutionise  tke 
whole  face  of  the  habitable  globe,  "  into  a  common  engine." 
on  the  other,  both  Mr.  Boulton  and  Dr.  Small  liad  in  the 
meantime  engaged  most  of  their  money  in  other  afiaiiB:— 
"  I  am  really  sorry,"  quietly  writes  Mr.  W.  to  the  latter, 
"  on  my  own  account,  that  your  engagements  hinder  you  froa 
^^  entering  into  our  scheme ;  for  that  ought  to  be  the  revolt  of 
"  your  deliberation.  Though  there  are  few  things  I  l»w 
"  wished  more  for  than  being  connected  with  you,  on  mwy 
"  accounts,  yet  I  should  be  very  loth  to  purchase  that  pie*' 
"  sure  at  expense  of  your  quiet,  which  might  be  the  cim 
"  if  you  involved  yom^elf  in  more  business  than  you  cooM 
"  easily  manage,  or,  what  is  worse,  find  money  for.  Beside* 
"  this  is  not  a  trade,  but  a  project  No  man  should  risk 
"  more  money  on  a  project  than  he  can  afford  to  lose.  I 
"  must,  however,  beg  the  favour  of  writing  to  you  as  though 
"  you  were  concerned."  * 

And  Dr.  Small,  not  outdone  in  either  generosity  or  tit* 
friendliness,  at  once  replies :  t — "  Nothing  will  give  me  mat 
"  pleasure  than  to  contribute  in  any  degree  to  your  proi' 
"  perity,  whether  I  can  become  an  associate  with  you  or  not 
"  Although  1  hate  debts,  yet  on  this  occasion  I  have  ventured 
"  to  propose  borrowing  money  from  the  only  persons  to  whoa 
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*•  I  would  be  obliged  in  that  maimer.  Should  it  suit  them  to 
^  accommodate  me,  I  will  accept  Dr.  R.'8  ofifer  immediately, 
**  as  will  our  friend  Boulton." 

And  again ;  —  "I  had  your  letter  three  days  ago,  and 
**  have  held  several  conversations  with  our  friend  Dr.  Koe- 
"  buck  about  the  scheme.  He  goes  to  London  to-morrow,  to 
**  stay  one  week,  and  in  that  time  Boulton  and  I  shall  deter- 
**  mine  whether  we  can  accept  the  offer  he  has  been  so 
•*  obliging  as  to  make  us.  Unluckily  we  have  both  just 
engaged  in  another  scheme,  which  will  very  speedily  require 
all  the  ready  money  we  can  at  present  spare,  and  I  have  a 
vast  aversion  to  borrowing,  although  I  would  sooner  borrow 
•*  on  this  occasion  than  on  any  other  I  know,  both  because 
•*  the  engine  must  succeed,  and  because  it  is  your  affair.  *  * 
•*  Your  detail  about  the  engine  I  have  considered  very  care- 
fully, and  am  in  no  degree  discouraged.  *  *  Boulton 
and  I  will  do  anything  we  can  do  to  have  you  here,  and  to 
"  forward  your  success.  Dr.  R.'s  proposal  is  perfectly  agree- 
**  able  to  us ;  only  as  to  me  it  is  unfortunately  made  after  the 
**  engagement  of  very  near  all  my  money.  You  shall  hear 
**  from  us  again  in  less  than  a  fortnight.  In  the  mean  time 
**  favour  me  with  a  few  lines.  All  your  friends  here  think  of 
**  you  with  the  highest  esteem."  * 

The  following  was  Dr.  Roebuck's  very  moderate,  and, 
indeed,  liberal  offer,  referred  to  by  Dr.  Small;  dated  Bir- 
mingham, Nov.  28,  1769,  and  addressed  "  To  Dr.  Small  and 
"  Mr.  Boulton." 

"  Gentlemen, — Whereas  Mr.  James  Watt  has  assigned  to 
"  me  two-thirds  of  the  property  of  the  patent  of  the  steam- 
engine,  which  he  took  out  some  time  in  the  com^e  of  the 
last  winter,  I  hereby  offer  you  one-half  of  the  above  two- 
"  thirds,  or  one-third  of  the  whole  patent^  on  condition  that 
^  you  pay  to  me  such  a  sum,  not  less  than  one  thousand 
"  pounds,  as  you,  after  the  experiments  of  the  engine  shall 
*^  be  completed,  shall  think  just  and  reasonable ;  and  twelve 
*^  months  from  this  date  you  are  to  take  your  final  resolution. 
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"  I  also  oblige  myself  to  procure  Mr.  Watt's  assent  to  this 
"  agreement.  I  am,  Gentlemen,  your  obedient  servant,  John 
"  Eoebuck." 

It  at  once  attained  a  ready  assent : — "  I  have  time  only  to 
"  say,"  writes  Dr.  Small  to  Mr.  Watt,  "  that  Mr.  Boulton  and 
"  I  have  agreed  with  Dr.  Roebuck ;" — whereupon  Mr.  Watt 
replies,  "I  received  yours,  and  shake  hands  with  you  and 
"  Mr.  Boulton  on  our  new  connection,  which,  I  hope,  wHl 
"  prove  agreeable  to  us  all." 

The  "  final  resolution "  mentioned  in  Dr.  Roebuck's  pro- 
posal as  to  be  taken  at  the  expiration  of  one  year,  does  not 
appear  to  have  been  then  insisted  on  by  any  of  the  parties 
concerned  in  it ;  but  soon  after  that  time,  great  commercial 
embarrassment  began  to  spread  over  Great  Britain,  and  the 
poor  Doctor's  already  wavering  fortunes,  unable  to  stand  any 
fresh  assault,  fell  in  the  general  crash.  This  event  might 
indeed  have  hastened  rather  than  further  retarded  a  de- 
finitive arrangement  as  to  the  steam-engine  patent,  and  an 
attempt  at  its  manufacture,  but  for  the  highly  honourable 
and  delicate  feelings  by  which,  it  became  very  evident,  all 
were  alike  influenced.  "  You  are  sensible,"  writes  Dr.  Small,* 
"  that  both  Boulton  and  I  engaged  in  the  patent  scheme  much 
"  more  from  inclination  to  be  in  some  degree  usefril  to  you 
"  than  from  any  other  principle,  so  that,  if  you  are  prosperous 

and  happy,  we  do  not  care  whether  you  find  the  scheme 

worth  prosecuting  or  not."  "  I  do  fear,"  writes  Mr.  Watt,t 
"  that  in  this  affair  I  may  have  urged  you  too  far  and  with 
"  too  little  delicacy ;  and  that  you  have  some  reason  from 
"  them  to  think  more  meanly  of  me  than  I  deserve.  I 
'*  assure  you,  whatever  I  have  said  as  to  price,  &c.,  I  only 
"  meant  in  respect  to  my  friend  the  Doctor,  who  I  am  of 
"  opinion  ought  not  at  present  to  risk  anything  of  conse- 
"  quence,  and  has  too  much  at  stake  in  the  matter.  As  to 
"  myself,  I  have  never  thought  of  receiving  money  for  any 
"  part  of  my  own  property  in  it,  and  shall  perhaps  be  willing 
"  to  hold  a  much  smaller  share  in  it  than  you  would  ask  me. 


♦  17  September.  1770.  f  To  Dr.  Small,  August.  1772. 
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"  Although  I  am  out  of  pocket  a  much  greater  sum  upon 
"  these  experiments  than  my  proportion  of  the  property  of 
the  engine,  I  do  not  look  upon  that  money  as  the  price  of 
my  share,  but  as  money  spent  upon  my  education.  I  thank 
"  Grod  that  I  have  now  reason  to  believe  that  I  can  never 
**  while  I  have  health  be  at  any  loss  to  pay  what  I  owe,  and 
"  to  live  at  least  in  a  decent  manner.  More  I  do  not  violently 
**  desire." 

And  again,* — "  I  pursued  my  experiments  till  I  found  that 
**  the  expense  and  loss  of  time  lying  wholly  upon  me,  through 
**  the  distress  of  Dr.  Roebuck's  situation,  turned  out  to  be  a 
"  burthen  greater  than  I  could  support ;  and  not  having  con- 
quered all  the  difficulties  that  lay  in  the  way  of  the  execu- 
tion, I  was  obbged  for  a  time  to  abandon  the  project 
"  Since  that  time  I  have  been  able  to  extricate  myself  from 
some  part  of  my  private  debts,  but  am  by  no  means  yet  in 
a  situation  to  be  the  princi{)al  in  so  considerable  an  under- 
taking. The  Doctor's  affairs  being  yet  far  from  being  rein- 
"  stated  give  me  little  hope  of  help  from  that  quarter ;  in  the 
meantime,  the  time  of  the  patent  is  running  on.  It  is  a 
matter  of  great  vexation  to  me  that  the  Doctor  should  be 
*'  out  so  great  a  sum  upon  this  affair,  while  he  has  otherwise 
such  pressing  occasion  for  the  money.  I  find  myself  unable 
to  give  him  such  help  as  his  situation  requires ;  and  what 
"  little  I  can  do  for  him  is  purchased  by  denying  myself  the 
conveniences  of  life  my  station  requires,  or  by  remaining  in 
debt  where  it  galls  me  to  the  bone  to  owa 
"  Notwithstanding  my  natural  despondence,  I  am  convinced 
that  the  machine  may  be  made  to  answer  in  a  very  con- 
siderable degree,  and  in  more  forms  than  one,  but  that 
"  I  am  by  no  means  a  proper  person  to  carry  it  into  exe- 
"  cution. 

"  The  Doctor  is  on  the  contrary  too  sanguine,  and  always 
thinks  things  easier  than  they  are.  His  present  exigencies 
may  also  tempt  him  to  insist  upon  higher  terms  for  his 
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"  property  in  it  than  it  is  really  worth.  But  I  expect,  if  you 
"  still  think  it  worth  while  to  engage  in  it^  that  you  will  both 
"  give  him  what  you  judge  the  value  of  it  to  you,  and  be  at 
•'  some  pains  to  convince  him  of  its  being  his  interest  to 
"  accept  of  it  I  shall  be  content  to  hold  a  very  small  share 
"  in  it^  or  none  at  all,  provided  I  am  to  be  freed  from  my 
**  pecuniary  obligations  to  him,  and  have  any  kind  of  recom- 
"  pense  for  even  a  part  of  the  anxiety  and  ruin  it  has  involved 
"  me  in." 

*  *  "  As  to  the  engine,  I  am  not  afraid  of  being  able  to 
"  carry  it  on  with  a  small  capital,  or  almost  none,  provided 
**  the  success  was  certain,  or  that  I  was  in  such  circumstances 
"  as  to  be  able  to  make  the  necessary  experiments  for  esta- 
"  blishing  its  merit.     I  have  often  mentioned  to  you  that 

nothing  gave  me  so  much  pain  as  the  having  involved  Dr. 

Roebuck  so  deeply  in  that  concern ;  and  when  I  wrote  you 
"  last,  T  would  ^villingly  have  given  up  all  prospect  of  profit 
"  to  myself  from  it,  provided  he  could  have  been  indemnified. 
"  He  is  now  willing  to  part  either  with  the  whole,  or  the 
"  greatest  part  of  his  property  in  it,  upon  such  terms  as,  I 
"  dare  say,  in  better  times  you  and  Mr.  B.  would  have  had 
"  no  hesitation  of  accepting.  Since  Dr.  R.  saw  you  he  is 
"  totally  disappointed  of  the  lease  of  the  colliery  at  Wemyss, 
"  and  was  here  lately  in  lower  spirits  than  I  ever  saw  him. 
"  His  enterprising  mind  being  by  that  means  turned  off  from 
"  the  coal  schemes,  his  Bo-ness  affairs  going  on  badly,  and  he 
"  having  no  voice  in  the  management  of  them,  he  had  turned 
^'  his  thoughts  towards  the  engine,  and  flattered  himself  he 
**  could  finish  the  experiment  on  a  small  engine,  not  recol- 
"  looting  that  I  had  been  sufficiently  successful  with  an  engine 
"  of  that  size  formerly,  and  that  it  was  only  in  the  18-inch 
"  engine  that  the  difficulties  appeared.  I  have,  however, 
*'  dissuaded  him  from  it,  as,  without  flattering  myself,  I  cannot 
*'  imagine  that  he  can  find  out  in  a  few  days  all  the  difficul- 
"  ties,  and  the  means  of  avoiding  them,  which  have  cost  me 
<<  so  much  labour.  I  had  also  two  other  reasons  against  it, 
"  the  exposing  the  contrivance  to  ignorant  strangers,  and  that 
"  he  could  not  go  on  with  it  without  directions,  plans,  and 
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^  Tisito  from  me,  which  in  my  present  situation  I  cannot 
^  make. 

**  I  talk  of  interesting  you  more  in  the  success,  because 
^  generosity  ought  to  go  a  small  way  in  directing  our  actions, 
^  and  you  have  hitherto  had  little  other  motive  excepting  a 
**  promise  of  being  concerned  if  we  could  agree  upon  terms. 
**  We  may  disagree  about  terms ;  we  may  from  caprice  or 
**  interest  break  that  promise ;  or  we  may  suddenly  be  called 
**  by  death  to  another  state,  and  our  heirs  may  laugh  at  any 
^  promise  that  is  not  written  upon  stamped  paper.  Consider 
**  what  I  have  said.  Consider  also  that  Dr.  R  owes  Mr. 
**  Boulton  money,  which  will  go  in  jiart  of  the  price,  which 
•*  can  never  be  so  low  as  at  present  I^m  sorry  that  there 
*^  is  occasion  to  ask  a  price,  but  it  cannot  be  helped ;  the 
**  Doctor  s  circumstances  oblige  him  to  demand  it  if  he  parts 
**  with  any  great  part  of  the  property. 

^  I  by  no  means  intend  to  insinuate  by  this  that  I  consider 
"  it  necessary  that  you  should  pay  down  a  sum  of  money 
**  before  we  would  assign  to  you  any  part  of  the  property ; 
**  on  the  contrary,  I  tliiuk  that  you  and  Mr.  B.  ought  to 
**  have  a    certain  share    without  advancing  to   the   Doctor 

or   me,   provided  you  took   upon  you  the  charge  of  the 

future  experiments,  and  of  finding  money  to  carry  on 
**  the  business  in  case  of  success.  What  that  share  should 
**  be  must  be  the  result  of  some  conversation  between 
*'  us.  But  I  would  much  rather  have  the  matter  so  settled 
"  that  at  least  the  half  of  the  property  should  belong  to 
**  Mr.  B.  and  you.  At  any  rate  let  us  be  on  such  a  foot- 
^  ing,  that  the  experiments  may  go  on,  and  the  matter  be 
**  concluded."* 

There  can  be  no  doubt  that  even  this  contingent  transfer 
of  one-third  of  the  property  of  the  patent  to  his  two  friends 
was  of  some  comfort  to  the  now  drooping  spirits  of  the  poor 
inventor ;  he  much  liked  Boulton  and  Small,  he  valued  their 
personal  attachment,  admired  their  mechanical  ingenuity,  and 
clear-sighted  yet  liberal  business  views  and  habits,  and  it  was 


•  To  Dr.  SroaU,  7  November.  1772. 
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pleasant  to  him  to  be  concerned  with  them  even  without 
much  hope  of  immediately  increasing  his  own  fortune.  Such 
hope,  indeed,  began  to  appear  even  more  distant  than  ever ; 
for  it  was  now  more  than  four  years  since  "the  capital 
"  improvement "  had  "  flashed  upon  his  mind,  and  filled  it 
"  with  rapture  ;"  yet  still,  though  fortified  with  a  patent,  and 
satisfied  of  the  value  of  his  invention,  could  it  only  be  duly 
exemplified  and  carried  out,  he  found  himself  left  without  any 
profitable  return,  and  even  involved  in  some  debt  This  was 
not  yet,  it  is  true,  of  any  large  amount,  but  still  sufficient  to 
begin  to  throw  a  lengthening  shadow  in  the  sunshine  of  his 
life ;  for  "  it  cut  him  to  the  bone  to  owe."  His  family,  also, 
liad  increased,  and  he  had  now  attained  to  the  onerous  dignity 
of  being  the  father  of  three  children  ;  but,  unhappily,  without 
receiving  that  triple  proportion  of  corn,  which,  among  the 
Bomans,  the  "  jus  trium  liberorum  "  brought  with  it.  Those 
little  voices,  "  whose  crying  was  a  cry  for  gold,"  were  not  to 
be  stilled  by  the  baser  metal  of  a  badly  cast  Carron  cylinder, 
or  the  "  block-tin  and  hammered  lead "  of  a  Glasgow  con- 
denser. So  that  we  cannot  wonder  to  find  him  writing,  as  he 
did  some  time  before  the  acceptance  of  Roebuck's  proposal, — 
"  I  am  resolved,  unless  those  things  I  have  brought  to  some 
"  perfection  reward  me  for  the  time  and  money  I  have  lost 
"  on  them,  if  I  can  resist  it,  to  invent  no  more.  Indeed,  I 
''  am  not  near  so  capable  as  I  was  once.  I  find  that  I  am 
"  not  the  same  person  I  was  four  years  ago,  when  I  invented 
"  the  fire-engine,  and  foresaw,  even  before  I  made  a  model, 
"  almost  every  circumstance  that  has  since  occurred.  I  was 
**  at  that  time  spurred  on  by  the  alluring  hope  of  placing 
"  myself  above  want,  without  being  obhged  to  have  much 
"  dealing  with  mankind,  to  whom  I  have  always  been  a  dupe. 
"  The  necessary  experience  in  great  was  wanting ;  in  acquiring 
"  it  I  have  met  with  many  disappointments.  I  must  have  ' 
"  simk  under  the  burthen  of  them  if  I  had  not  been  sup- 
"  ported  by  the  friendship  of  Dr.  Boebuck.  *  ♦  I  have 
«  now  brought  the  engine  near  a  conclusion,  yet  I  am  not  in 
"  idea  nearer  that  rest  I  wish^  for  than  I  was  four  years  ago. 
*<  However,  I  am  resolved  to  do  all  I  can  to  carry  on  this 
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^  business,  and  if  it  does  not  thrive  with  me,  I  will  lay  aside 
•*  the  burthen  I  cannot  carry." 

And  again,  in  March,  1770 ; — "  It  is  a  damned  thing  for  a 
^  man  to  have  his  all  hanging  by  a  single  string.  If  I  had 
•*  wherewithal  to  pay  the  loss,  I  don't  think  I  should  so  much 
**  fear  a  failure,  but  I  cannot  bear  the  thought  of  other  people 
**  becoming  losers  by  my  schemes,  and  I  have  the  happy  dis- 
**  position  of  always  painting  the  worst,*' 
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CHAPTER  XV. 

MB.    watt's     CITIIi-ENOIKEEBIXO  —  COSSTRrCTIOK     OF     THE     MOmLAXi 

CAKAL — STEAM- BOATS  FOB  CAXAL8 SdUSW-PBOPKIXER  OB  SPIRAL  OU, 

1770  —  8UBVBT    FOB    CAXAL    IX    8TBATHM0BB HAMILTON    BBID6I<- 

CHAXXEL  OF  THE  CLYDE  —  CBIXAK  CAXAL,  AND  OTHEB  WOBKS  — KB- 
VBY  FOB  CALEDONIAX  CANAL  —  TELFOBD  —  RATE  OF  REMrXEKATIOS 
OF  EXGESTEEBS   IN  THE  LAST  CEXTUBT. 

In  this  state  of  matters,  ereiy  employment  that  enabled  Jb. 
Watt  to  earn  an  independent  income,  and  served  to  relieve  bii 
mind,  now  too  constantly  occupied  with  anxious  and  uncom- 
fortable thoughts,  was  doubly  welcome ;  and  he  was  gradotllj 
led  more  frequently  to  forsake  the  solitary  vigils  of  his  wort 
shop  in  the  city,  for  the  active  labours  of  his  profession  of  ft 
civil  engineer.  "  Somehow  or  other,"  as  he  modestly  expreseeB 
it, — or,  as  w^e  cannot  doubt,  from  his  ability  and  integrity  hanng 
now  become  well  known, — the  magistrates  of  Glasgow  had  for 
two  or  three  years  past  employed  him  in  various  engineering 
works  of  importance.  In  1769  he  made  a  survey  and  esti- 
mate for  a  navigable  canal  from  the  collieries  at  MonkLmd 
in  Lanarkshire  to  the  city  of  Glcusgow ;  which  was  carried  oat 
under  his  own  directions  and  superintendence,  to  the  great 
advantage  of  the  public  as  weU  as  of  the  parties  to  the 
undertaking. 

"  I  somehow  or  other,"  he  says,*  "  got  into  the  good  graces 
"  of  our  present  magistracy,  who  have  employed  me  in 
"  engineering  for  them  (as  Mr.  Smeaton  terms  it) ;  among 
"  other  things  I  have  projected  a  canal  to  bring  coals  to  the 
"  town ; — ^for  though  coal  is  everywhere  hereabout  in  plenty, 
"  and  the  very  town  stands  upon  it,  yet  measures  have  been 
**  taken  by  industrious  people  to  monopolize  it  and  raise  it» 
"  price  50  per  cent,  within  these  ten  years.     Now  this  canal 


•  To  Dr.  SmaU,  12  DeooraWr,  17G9. 


Chap.  XV,  MONKLAXD  CANAL.  203 

**  is  nine  miles  long,  goes  to  a  country  full  of  level  free  coals 
•*  of  good  quality,  in  the  hands  of  many  proprietors,  who  sell 
"  them  at  present  at  6d.  per  cart  of  7  cwt.  at  the  pit  There 
"  is  a  valley  from  Glasgow  to  the  place,  but  it  has  a  rise  of 
**  266  feet  perpendicular  above  our  river ;  I  therefore  set  that 
^  aside,  and  have  found  among  the  hills  a  i)as8age,  whereby  a 
"  canal  may  come  within  a  mile  of  the  town  without  locks, 
"  from  whence  the  coals  can  be  brought  on  a  waggon-way. 
"  This  canal  will  cost  10,000/. — is  proposed  16  feet  wide  at 
**  bottom,  the  boats  9  feet  wide  and  50  feet  long,  to  draw 
"  2i  feet  water." 

"  Vanity  also,"  ho  adds,*  "  bade  me  tell  Glasgow  people 
**  they  might  be  served  as  well  at  home  as  by  strangers.  The 
"  time  has  not  been  thrown  away,  for  the  vaguing^  about 
**  the  country,  and  bodily  fatigue,  have  given  me  health  and 
**  spirits  beyond  what  I  commonly  enjoy  at  this  dreary  season, 
"  though  they  would  still  tliole  amends.  Hire  yourself  to  some- 
"  body  for  a  ploughman ;  it  will  cure  ennui." 

And,  although  **  a  determination  that  everything  should 
"  yield  to  the  engine,"  led  liim  to  refuse  going  to  London 
with  the  Bill  for  the  Monkland  Canal,  yet,  after  the  Act  for 
it  had  been  obtained,  and  he  was  again  asked  to  superintend 
the  execution  of  the  wmal,  he  felt  himself  obliged  not  to 
refuse  that  request.  "  I  had  now  a  choice,"  he  says,J 
•*  whether  to  go  on  with  the  experiments  on  the  engine,  the 
"  event  of  which  was  uncertain,  or  to  embrace  an  honourable 
**  and  perhaps  profitable  employment,  attended  with  less  risk 
•*  of  want  of  success : — to  carry  into  execution  a  canal  pro- 
**  jected  by  myself  with  much  trouble,  or  to  leave  it  to  some 
"  other  person  that  might  not  have  entered  into  my  views, 
"  and  might  have  had  an  interest  to  ex]x>se  my  errors ;  (for 

everybody  commits  them  in  those  cases.) 

Many  people  here  had  conceived  a  much  higher  idea  of 
"  my  abilities  than  they  merit ; — they  had  resolved  to  encou- 
**  rage  a  man  that  lived  among  them  rather  than  a  stranger. 


*  To  the  same,  3  Jaiinarv,  1770.  X  To    Dr.    Small,    9    September, 

t  "  Vagar  cxpeditiw."— Hor.  1770. 


Cbat.IV. 

idK  I  immL  jE^kt  :»ats€BL  io  expect  nil 
"  ^.mnr^^m^  if  iermca^i^    "" ' "'^=^ftir'*=-=  ^ooo.    Beside^I 

*  Zoftf^   ^C3^    AfctS    nJtfT    "I  "I'flrTl^in'-    tut    lib jT^d  DM  III 

-  jt^s  ZKw^^siilT  Ml  ie!«c  tat*  :iE=r  :   "vii:-i  I  did :  thou^i 

-  zin  jooiftr  -znL±  I  TisucTiiti  ^tx  ^    ZTOf  libe  engine,  hrt  i 

*  zr-jSi^vniMi  X  "111*  irac  "znui:  I  MULii  ?^«u^. 

'^  yxnmr  :&  mirt  ^^iniuzr^j  mz-  -slj  >i5^<HaoQ  than  Uu&f 

*  uii  'tATrumur  ^^  TUfcn  "gmi : — j^ec  i^ax  is  the  life  I  bo* 

*  vjissoLLZiT  j-e-jiL     Tk  i3ii  •sx.-fnir-c.  r>rsd-er  h  nther  wM 

*  •Ju3ULtr  tiiLX  :^  ^le  a:  isc   C4=i   h  is  still  disagreeiUL 

*  I  UL  &Iat:  ZL  ^  :i:iitsULi  j=Ar  losax   mv  vmnt  of  expeiieM 

*  zaj  ~:«H:z:kj  zxrr  ^v  iccsffr  ierii^te.  or  xh^x  I  sludl  be  impon' 

-  Tz»-JL  zj  -iirr  ▼.ckiisHi.  tcci  -^^Lici  I  t^ke  all  the  eve  if 
^  2AZz:rr  Hj.'^^  :c  7^-  fr»rTtfis.     I  L^ve   been  toleiablj  hrkf 

*  jtC  :  I  LkTr  :?r:  icci-r  2r:€^  ihiAZk  a  zoile  of  the  caiul,  beskki 
"  &  =j:i=c  :i:c5.fi=L-irrii  zissh  in  a  hilL  and  made  a  bridge  aad 

-  s:c-fr  r=irr=La.  ::r  iZ  wnii  I  think  I  am  within  the  esfr 

*  XDa^s.  i^jOiiLctAiL-iii:^  the  svid  has  l^een  of  the  verv  htrdaA 
**  beixLZ  a  trlaf:rk  'jt  red  clay  engiained  with  stones  We  iR 
•^  oat  altogtrther  4->;»/. — of  which  aboat  SCtf.  for  atensils:  ow 
"-  canal  is  foar  feet  water  and  axteen  feet  bottom.  I  lure 
**  for  managing  the  canal  '2iX}L  per  annmn ;  I  bestow  npon  it 
^  generallj  about  three  or  four  davs  in  the  week,  daring  whidi 
^  time  I  am  commonly  rerr  bnsr,  as  I  have  above  150  men 
**  at  work,  and  only  one  overseer  under  me,  beside  the  lllK^e^ 
•^  takers,  who  are  mere  tyros,  and  require  constant  watching. 
**  The  remainder  of  my  time  is  taken  up  partly  by  head-aclies 
**  and  other  t^arl  health,  and  partly  by  consultations  on  vaiioas 
**  Hubjects,  of  which  I  can  have  more  than  I  am  able  to  answa*, 
"  and  f>eople  pay  me  pretty  well.  In  short,  I  want  Uttle  bat 
**  lujalth  and  vigour  to  make  money  as  fast  as  is  fit 

"  Now,  Doctor,  if  you  and  your  friend  Hygeia  can  impart 
^*  to  me  those  blessings,  I  may  be  a  rich  and  happy  man : 
"  otherwi8<3,  I  can  scarcely  be  either.  I  expect  soon  to  have 
"  aiH)Ui($r  touch  at  the  engine." 

JnDari'iuhrA',  1770,  he  writes:  '^  Notwithstanding  the  deq)e- 
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**  rate  weather  I  am  almost  constantly  at  the  canaL  It  costs 
"  me  many  a  fit  of  chagrin  ;  shows  me  many  of  my  imperfec- 
"  tions,  &c. ;  but  for  all  that,  I  find  myself  more  strong,  more 
**  resolute,  less  lazy,  less  confused  than  I  was  when  I  began  it 
"  However,  I  have  no  abatement  of  my  headaches,  in  quantity 
"  or  quality.  I  found  the  other  day,"  he  soon  afterwards 
adds,  "  upon  considering  my  circumstances,  that,  sup}K)sing 
"  the  engine  to  stiind  good  for  itself,  I  am  able  to  pay  all  my 
"  debts,  and  some  little  thing  more ;  so  that  I  hoj)o  in  time 
**  to  be  on  a  par  with  the  world.  But  I  must  say  that  my 
"  present  life  is  a  life  of  much  vexation,  besides  bodily  fatigue, 
"  of  hunger,  cold,  wet  feet,  &c.,  which  I  could  not  endure  had 
"  I  the  least  of  the  gout,  the  gravel,  or  many  other  diseases. 
**  I  don't  know  how  it  is,  but  I  think  my  health  rather  better 
"  in  these  gloomy  months  of  December  and  November  than  it 
"  was  in  summer.  I  have  a  hundred  men  at  work  just  now, 
"  finishing  a  great  hill  we  have  >vrought  at  this  twelvemonth. 
"  The  nastiness  of  our  clay-grounds  is  at  present  inconceiv- 
"  able ;  the  quantities  of  rain  have  been  beyond  measure." 

"  Our  canal  has  not  stopped,  but  is  likely  to  do  so,  from 
**  our  having  expended  the  subscription  of  10,000/.  upon  seven 
**  miles  of  the  navigation,  and  having  about  two  miles  yet  to 
"  make.  We  have,  however,  made  a  canal  of  four  feet  water 
"  for  one  of  three  feet  subscribed  to,  and  have  also  paid  most 
**  abominably  for  our  land. 

"  I  decline  only  being  the  manager,  and  not  being  engineer. 
"  I  wrote  you  before  how  grievous  tliat  first  part  of  the  busi- 
"  ness  was  to  me,  and  it  daily  becomes  more  so.  Everything 
"  has  been  turned  over  upon  me,  and  the  necessary  clerks 
"  grudged  to  me ;  I  am  also  indolent,  and  fearfully  terrified 
"  to  make  bargains,  and  hate  to  settle  accounts.  Why  there- 
**  fore  shall  I  continue  a  slave  to  a  hateful  employment,  while 
"  I  can  otherwise,  by  surveys  and  consultations,  make  nearly 
**  as  much  money  with  half  the  labour,  and,  I  really  think, 
"  with  double  the  credit  ?  for  a  man  is  always  disgraced  by 
"  taking  upon  him  an  employment  he  is  unfit  for.  I  have  no 
"  quality  proper  for  this  employment  but  honesty,  which  re- 
**  proaches  me  for  keeping  it  so  long. 


206  LIFE  OP  WATT.  Chap.  XT. 

^  Bemember  in  recommending  me  to  busineei,  thtt  vhiil 
^  can  promise  to  perform  is,  to  make  an  accnrate  sorray  al 
^  a  fiEuthfiil  report  of  anything  in  the  engineer  war ;  to  (M 
^  the  coarse  of  canals ;  to  lay  ont  the  ground,  and  to  memm 
*^  the  cnbe  yards  cut,  or  to  be  cut ;  to  assist  in  bargaininglr 
^  the  price  of  work,  to  direct  how  it  ought  to  be  execatei 
^  and  to  giro  my  opinion  of  the  execution  to  the  maoa^ 
^  from  time  to  time.  But  I  can  upon  no  account  hare  aav^ 
**  thing  to  do  with  workmen,  cash,  or  workmen's  accooili; 
"  nor  would  I  choose  to  be  so  bound  up  to  one  object  tbt  I 
^  could  not  occasionally  senre  such  friends  as  mi^t  empkf 
^  me  for  smaller  matters.  Bemember  also  I  have  no  gieit 
^  experience  and  am  not  enterprising,  seldom  choosing  t9 
"  attempt  things  that  are  both  great  and  new ;  I  am  not  i 
^  man  of  regularity  in  business,  and  have  bad  health.    Tab 

care  not  to  give  anybody  a  better  opinion  of  me  than  I 

deserve ;  it  will  hurt  me  in  the  end."  * 

The  cheapness  of  your  canal/*  observes  his  able  vA 
zealous  friend  and  correspondent,  ^  astonishes  me  who  hftTC 
**  contributed  to  pay  about  45002.  for  each  mile  of  anothei; 
'^  which,  locks  excepted,  had  no  difficulties  to  be  comptred 
*^  with  those  you  have  surmounted.  Among  other  iiistancei 
^  of  our  wisdom,  we  have  employed  engineers,  clerk,  head- 
^  carpenters,  &c.  in  such  swarms,  that  their  salaries  havv 
''  amounted  to  1200/.  per  annum.  And  yet  so  invincible  a 
^  propensity   have  mortal   men  to   being   duped,   that  the 

strongest  and  clearest  remonstrances,   and  even  want  of 

money,  could  not  enlighten  us.    But  let  that  pass.     I  shall 

take  care  that  the  difference  of  your  management  shall  be 
"  known." 

'<  You  complain,"  he  says  a  fortnight  later,  ^<  I  have  not 
^  been  sufficiently  particular  about  our  canal.  As  to  Ae 
''  canal  itself,  it  will,  I  hope,  by  Christmas  be  complete  for 
^  seven  miles,  and  of  immediate  and  profitable  use,  becaiue 
*^  even  from  that  termination  we  can  afford  to  undersell 
«  others." 


it 


♦  To  Dr.  Small.  7  November.  1772. 
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[Then  follows  a  particular  description,  with  measurements 
in  cubic  yards  and  superficial  feet  respectively,  of  the  various 
eottings,  embcmkments,  bridges,  tunnels,  and  other  works  of 
tbe  canal.] 

•  «  Our  whole  expense,  act,  surveys,  &c.,  will  be  about 
••  10,000/.  spent  I  have  surveyed,  levelled,  planned,  staked 
•*  out,  and  measured  the  cube  yards  cut,  of  the  whole,  per- 
**  sonally  ;  I  have  also  made  bargains,  superintended  the  work 
^  and  accounts,  and  by  myself  and  one  clerk  paid  the  cash. 
**  I  have  to  the  bargain  been  obliged  to  oversee  every  piece 
•*  of  work  that  was  in  the  least  out  of  the  common  road. 
•*  I  am  now,  in  spite  of  a  most  [inclement]  season,  from 
•*  five  to  six  hours  in  the  fields  every  day,  and  ride  about 
**  ten  miles.  Tliis  is  the  one  side.  On  the  other,  I  am  ex- 
tremely indolent,  cannot  force  workmen  to  do  their  duty, 
have  been  cheated  by  undertakers  and  clerks,  and  am  un- 
•*  lucky  enough  to  know  it.  The  work  done  is  slovenly,  our 
"  workmen  are  bad,  and  I  am  not  sufiieiently  strict  I  am 
•*  happy  in  the  friendship  of  tlie  principal  residing  proprietors, 
**  and  am  welcome  to  their  houses  as  to  my  own,  otherwise 
•*  my  wretched  health  could  not  have  borne  the  fatigues  I 
**  have  undergone.  What  provokes  me  most  is,  that  I  am 
^  sensible  that  most  people  could  in  the  same  time  have  done 
**  much  more  and  better  work,  possibly  with  as  little  trouble 
"  to  themselves.  I  would  rather  face  a  loaded  cannon  than 
"  settle  an  accoimt  or  make  a  bargain.  In  short  I  find  my- 
"  self  out  of  my  sphere  when  I  have  anything  to  do  with 
**  mankind ;  it  is  enough  for  an  engineer  to  force  Nature,  and 
"  to  bear  the  vexation  of  her  getting  the  better  of  him.  Give 
me  a  survey  to  make,  and  I  think  you  will  have  credit  of 
me ;  I  can  draw  tolerably ;  set  me  to  contrive  a  machine, 
"  and  I  will  exert  myself ;  in  whatever  way  you  choose  to 
employ  me,  I  shall  endeavour  to  follow  your  advice." 
For  two  years  and  a  half,  from  June,  1770,  to  December, 
1772,  Mr.  Watt  filled  his  oflBce  of  engineer  to  the  Monkland 
Canal,  at  his  salary  of  2001.  per  annum ;  which  he  considered 
a  liberal  allowance,  and  which  he  only  resigned  on  the  com- 
pletion of  that  work,  and  his  increasing  engagements  in  other 
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busineBB  of  a  simflar  kind.    It  was  in  the  ocNme  of  bii  e» 

respondence  in  regard  to  these  cmh 
that  Dr.  Small  having  mentioned  Ai 
desire  which  Mr.  Boulton  and  he  etiki^ 
tained  of  moving  canal-boats  bj  tb  J 
steam-enginCy  (which  they  at  first  pn^ 
posed  should  be  on  the  high-pram 
principle)  : — "  Have  ycUy*  says  Mr.  Witt 
in  his  reply,  ^^  ever  considered  a  Sniu 
"  Oar  for  that  purpose^  or  are  j/mif^r 
*^  two  wheels  f^*  And,  to  make  Ini 
meaning  quite  plain,  he  accompanieBlni 
question  by  this  rough  sketch  of  i 
ScBEW  Propeller  :  even  in  the  nn- 
ber  of  turns  of  the  spiral  not  differaf 
very  greatly  from  such  as  in  our  own 
days,  from  a  wide  range  of  the  moit 
careful  experiments^  have  been  found  to 
be  best  fitted  for  the  purpose.  The  i^ 
companying  woodcut  gives  a  faithfiil 
facsimile  of  the  remarkable  passage  ii 
which  this  idea  was  started,  and  whick 
so  well  deserves  to  be  considered  as  add- 
ing another  laurel  to  those  which  aheadj 
adorn  the  name  of  Watt 

Unfortunately  for  the  success  of  the 
project  at  that  time,  Dr.  Small  in  hn 
reply  observed, — "I  have  tried  moddf 
'^  of  spiral  oars,  and  have  found  then 
''  all  inferior  to  oars  of  either  of  the 
'^  other  forms ;  I  believe,  because  a  cj- 
'^  linder  of  water  immersed  in  water  caa 
''  be  easily  turned  round  its  axis.  T!ti^ 
"  I  dare  say,  you  perfectly  know,  so 
"  more  need  not  be  written.  •  • 
*        It  is  a  great  misfcniiuie 


1  ^ 


^ 

^ 

\ 


a   • 


•  To  Dr.  W.  Small,  SOth  September,  1770. 
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*  that  spiral  oars  are  but  indifferent"  Dr.  S.  appears  to  have 
understood  the  proposal  as  being  for  two  oars,  one  on  either 
side  of  the  boat ;  whereas  there  can  be  little  doubt  that  Mr. 
Watty  from  using  the  singular,  '^  a  spiral  oar,"  as  opposed  to 
two  wheels,  as  well  as  from,  the  very  distinct  explanatory 
aiketeh  which  he  added  with  his  pen,  intended  his  propeller  to 
work  at  the  stem,  as  a  boat  is  sculled  by  one  oar.  Thus, 
however,  did  it  happen,  that  the  project  of  the  screw-propeller, 
to  be  worked  by  his  own  improved  steam-engine,  was  pro- 
pounded by  James  Watt  eighty-eigkt  years  ago ;  that,  when 
propounded,  it  was,  by  the  discouragement  of  his  friend, 
abandoned,  or  at  least  left  in  retentia  ;  and  that  only  his  sug- 
gestion of  it  has  remained,  to  be  disentombed  at  this  distance 
of  time,  as  a  fresh  instance  of  his  singular  ingenuity  and 
foresight,  and  as  one  of  the  greatest  curiosities  of  what  may 
already  be  termed  the  traditional  history  of  engineering 
antiquity  I 

In  1770,  also,  he  was  employed  by  the  Trustees  for  the 
Annexed  Estates,  (or  the  estates  which  in  Scotland  had  been 
forfeited  to  the  Crown  by  the  attainder  of  their  owners  for 
participation  in  the  rebellions  of  1715  and  1745),  to  make  a 
survey  for  a  canal  from  Perth  to  Cupar  of  Angus : — "  I  wrote 
**  you  from  Perth,"  he  says  to  Dr.  Roebuck,*  "  on  Sunday 
**  last,  since  which  time  I  have  been  close  employed  viewing 
this  country  and  examining  which  would  be  the  proper 
track  for  the  canal,  which  I  begin  to  survey  to-morrow. 
**  You  will,  perhaps,  think  a  week  a  long  time  to  look  about 
^  one ;  but  it  appears  possible  to  make  a  canal  from  the  hill 
"  of  Kinnoul  (opposite  to  Perth)  to  Forfar,  which  will  mea- 
^  sure  above  36  miles,  and  that  without  a  lock.  There  is  a 
"  great  deal  of  rough  ground  betwixt  Perth  and  this  place, 
**  but  from  hence  to  Forfar  the  ground  is  as  well  adapted  as 
**  may  be  expected  in  any  country.  This  valley  of  Stratli- 
*'  more  is  about  18  computed  miles  in  length  and  six  in 
^  breadth,  but  not  a  dead  flat,  as  we  imagined ;  the  soil  in 
**  general  good,  and  of  all  kinds,  from  sand  and  gravel  to 


*  From  Ciqiar  of  Angus,  15  Apiil«  1770. 
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*'  clay,  though  I  have  seen  none  so  strong  as  the  Eefse  dn, 
"  and  very  little  of  the  country  so  flat.  Agriculture  is  non  1 
'^  advanced  here  than  in  some  more  southern  parts  of  Seolp 
'^  land.  There  are  some  small  proprietors  of  land,  but  k 
'^  mostly  belongs  to  great  lords.  There  is  here  a  great  8|nt 
**  of  improvement ;  and  great  abundance  of  shell  mail,  bit 
^*  no  fuel,  except  what  is  brought  from  Dundee  over  ISk 
"  *  *  I  have  had  my  health  very  well  here,  thoi|^ 
"  much  fatigued,  and  sometimes  very  cold  with  the  pierciig 
**  winds  from  the  snowy  Grampians  that  form  the  narih  mk 
"  of  this  valley." 

"  My  stay  in  Strathmore,"  he  continues,*  "  was  miiA 
"  longer  than  I  expected.  I  had  to  examine  and  smreji 
"  country  of  36  miles  in  length,  and  to  hunt  about  for  a  coow 
"  for  a  canal  through  country  where  Nature  had  almost  dow 
"  her  utmost  to  prevent  it ; — ^indifferent  health,  and  weadier 
"  viciously  cold  and  stormy,  were  the  attendants  on  bj 
**  survey.  The  winds  from  the  snowy  Grampians,  and  anot 
"  even  in  the  valleys  a  foot  thick  on  the  10th  of  May,  «•• 
"  vinced  me  of  the  utility  of  what  I  was  about ; — for  nothiag 
"  can  be  more  dismal  than  such  weather  in  a  country  idiii 
"  nature  and  art  have  deprived  of  fuel." 

And,  thirty-six  years  later,  in  answer  to  the  Eail  rf 
Breadalbane,  who,  as  chairman  of  a  Committee  for  making  a 
navigable  communication  between  the  Tay  and  Loch  Ewi^ 
had  applied  to  Government  for  part  of  the  balano^es  remain- 
ing from  the  forfeited  estates,  on  the  ground  that  sucht 
grant  had  been  in  contemplation  by  the  Board  of  Annexed 
Estates,  and  was  prevented  from  being  carried  into  efied 
only  by  the  dissolution  of  the  board  on  the  restoration  d 
those  estates,  he  wrote,  f — "  I  never  made  a  survey  from  the 
"  Tay  to  Crieff  and  Loch  Earn ;  but,  at  the  desire  of  some 
"  gentlemen  of  that  neighbourhood,  I  rode  over  the  ground 
"  from  the  Linn  of  Campsie  to  Crieff,  when  I  was  making  • 
"  survey  from  Perth  to  Forfar,  (I  think  at  the  expense  of  the 
^^  Trustees  for  Fisheries  and  Manufactures),  and  found  thai  • 


*  To  Dr.  Small,  9  September,  1770.  f  12  liaj.  1806. 
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*•  canal  in  that  line  was  apparently  very  practicable ;  but  it 
•*  has  occurred  to  me  since,  that  the  proper  line  of  canal 
•*  would  be  up  the  valley  of  Stratheam,  from  near  the  con- 
••  fiuence  of  the  Earn  with  the  Tay ;  as  it  would  by  that 

•  means  extend  its  influence  over  a  greater  tract  of  fertile 

•  country,  and  avoid  the  banks  of  the  Tay,  which,  as  far  as 
•*  I  remember,  are  in  many  places  very  steep  between  Perth 
*•  and  the  Linn  of  Campsie.  But,  as  this  view  was  taken  so 
•*  long  ago  as  the  year  1770,  my  memory  upon  the  subject 
•*  cannot  be  much  depended  upon." 

In  the  same  year,  1770,  in  which  he  made  his  survey  in 
Strathmore,  Mr.  Watt  made  a  survey,  and  drew  out  regula- 
tions for  the  contractor,  for  building  a  bridge  over  the  Clyde 
at  Hamilton : — "  I  have  lately  made  a  plan  and  estimate  of  a 
**  bridge  over  our  river  Clyde,  eight  miles  above  this ;  it  is  to 
••  be  of  five  arches  and  220  feet  water-way,  founded  upon 
•*  piles  on  a  muddy  bottom."  ♦  He  also  made  a  survey  and 
report  on  the  declivities  and  state  of  the  bed  of  that  river,  by 
desire  of  the  magistrates  of  Glasgow,  who  were  then  engaged 
in  endeavours  to  improve  its  navigation  and  deepen  its 
channel ;  endeavours  which  have  ever  since  been  strenuously 
sostained,  and  have  met  with  well-deserved  though  then 
quite  unexpected  success. 

The  names  of  the  other  engineers  with  whose  Eeports  on 
the  same  subject  that  of  Watt  has  thus  been  associated,  viz. 
Smeaton,  Golbome,  Rennie,  Whidbey,  Clark,  Hartley,  and 
Walker,  bear  conspicuous  testimony  to  the  advancement 
which  Mr.  Watt  was  now  rapidly  attaining  in  such  pursuits, 
as  well  as  to  the  clear-sighted  discernment  and  public  spirit 
of  those  who  thus  employed  him.  The  progressive  and 
extraordinary  increase  of  the  opulence  and  commercial  con- 
sequence of  Glasgow  as  a  port,  has  most  signally  manifested 
the  advantage  of  such  engineering  operations,  when  conceived 
with  sagacity,  directed  by  a  spirit  of  liberality,  and  executed 
with  energetic  vigour.  Of  this,  no  stronger  proof  can  be 
giyen,  than  the  fact  that  whereas  in   1770   and  eighteen 

•  To  Dr.  Small,  21  December,  1770. 
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prerioas  yeftis  the  rerenae  arising  from  harbonr-diMB,  It 
on  the  Clyde  at  Glasgow  did  not  exceed  1472^  in  1853  i 
amoont^d.  as  shown  by  the  aeoonnts  of  the  trustees  of  At 
riyer.  to  no  less  a  sum  than  86,5807.  The  rate  of  incretflei 
exhibited  in  the  following  table,  supplied  by  the  Treasonrti 
the  Trustees,  and  on  the  accnracj  of  which,  therefore^  th 
fullest  reliance  may  be  placed : — 

'•Clyde  Xatigatios.     Revenuk. 


•^752,  j  "To  1820 

TO  1770'       •     •     •     •  A*'  ^,    1S30 

„   17?*:^ 1,515  .  „    1840 

„   17^]> 2,239  '  „    1850 

„  ISOO 3,319  .  „   1854 

„   ISIO 6,676  . 


6,328 
20,296 
46,536 
64,243 
86,580." 


We  must  add  that  the  sum  of  1472.,  stated  as  the  reveiiv 
from  1752  to  1770,  is  the  whole  sum  entered  as  haying  beei 
received  on  that  account  in  all  those  eighteen  years;— *  if 
"  more  than  this,"  says  the  Treasurer,  "  was  drawn,  it  canaot 
**  have  been  properly  entered  or  accounted  for."  The  tw* 
rage  revenue  at  that  time,  therefore,  cannot  be  held  to  biit 
been  more  than  a  fraction  over  SL  per  annum,  or  not  ttajMiff 
a  day.  When  we  contrast  this  insignificant  sum  with  Ae 
princely  income  realised  from  the  same  source  in  our  on 
time, — showing  an  increase  of  more  than  ten  thousandfoU, 
— we  are  forcibly  reminded,  on  the  one  hand,  of  the  feehb 
spring  or  tiny  rill  of  the  solitary  moorlands,  and,  on  the  other, 
of  the  magnificent  estuary,  surrounded  by  a  vast  and  thming 
population,  and  bearing  to  and  fro,  in  endless  succession,  the 
proud  navies  of  merchandise  and  war. 

It  appears  also  from  authentic  returns  of  the  date  Itfi 
mentioned  in  the  table,  that  during  twelve  months  al(Hi6^ 
thirty-two  shipbuilders  on  the  Clyde  constructed  and  con- 
tracted for  no  fewer  than  26G  vessels,  of  the  aggregate  ton- 
nage of  108,000  tons,  (thus  averaging  fully  630  tons  eacb}; 
for  wliich  engines  were  prepared  of  29,000  horse  powec 
''  This  gigantic  work,"  said  the  American  Consul  at  61a^;ow, 
in  his  address  to  the  magistrates  of  that  city  on  a  greil 
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pablic  occasioDy  "  throws  your  competitor  Liverpool,  and  even 
f  colossal  London  and  her  famous  Thames,  into  the  shade." 
.  Well,  then,  may  the  ancient  city,  though  the  "Salmon- 
^  fishings  *'  have  long  been  severed  from  her  see,  retain  in 
Jber  armorial  bearings  the  fish  and  jewelled  ring  of  Kenti- 
gexn — emblems  of  her  productive  river ;  and  long  may  her 
motto,  as  heretofore,  auspiciously  prevail — "Let  Glasgow 

*  FLOURISH  ! " 

Li  1771  he  gave  in  a  Report  on  the  best  means  of  im- 
pfoving  the  harbour  of  Ayr,  and  made  a  survey  for  a  canal  of 
junction  between  the  great  (Forth  and  Clyde)  canal  and  the 
harbour  of  Borrowstoness.  In  the  same  year  he  also  surveyed 
lines  for  canals  of  junction  between  the  Frith  of  Clyde  and 
the  Atlantic,  at  Crinan  and  at  Tarbert,  for  the  Commissioneis 
for  managing  the  Annexed  Estates ;  his  Beport  on  those  two 
lines  being  prepared  and  deUvered  in  the  following  year.  In 
1773  he  made  a  survey  of  a  canal  from  Macrihanish  Bay,  on 
the  western  coast  of  Argyleshire,  to  Campbelltown,  for  the 
oonveyance  of  coals ;  also  of  a  canal  from  Hurlet  to  Paisley, 
and  of  the  channel  of  the  Water  of  Leven ;  as  well  as  a 
Borvey,  by  desire  of  the  Lords  Commissioners  of  Police,  for 
the  purpose  of  rendering  navigable  the  rivers  Forth,  Gudie, 
and  Devon.  To  these  were  added  a  nxmiber  of  plans,  men- 
Borations,  levellings,  and  estimates,  at  the  request  both  of 
corporate  bodies  and  of  private  individuals,  which  need  not 
here  be  further  particularised  ; — although  among  the  number 
were  some  of  very  considerable  local  importance,  such  as 
plans  for  Port-Glasgow  Docks  and  Harbours,  1769-1772  ; 
for  supplying  the  town  of  Greenock  with  water,  1772- 
1773 ;  &c.  &c. 

But  the  last  and  most  remarkable  of  his  civil-engineering 
works  was  that  which  he  was  called  on,  also  in  1773,  to  per- 
form for  his  employers  the  Commissioners  of  Police ;  viz.  a 
survey  and  estimate  for  a  navigable  canal,  to  pass  through 
the  chain  of  rivers  and  lakes  in  the  wild  and  remote  tract  of 
country  between  Fort  William  and  Inverness;  being  the 
same  line  in  which,  at  a  considerably  later  period,  the  cele- 
brated Caledonian  Canal  was  successfully  constructed  by  Mr. 
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Telford.  The  first  notice  we  find  in  his  correspondGkeenk 
tive  to  that  great  work,  is  in  a  letter  to  him  fix>m  Dr.  Smli. 
dated  1  May,  1773 : — "  Your  very  pleasing  fiiend  Mr.  Haat 
'^  ton  was  here  on  Thursday  last,  but  could  not  stay.  *  *  Hi 
*^  told  me  you  were  to  make  a  canal  at  Cantire.  Of  litei 
**  project  has  been  talked  of  in  England  of  making  a  pHsp 
^'  for  ships  from  Inverness  to  the  Western  Sea.  It  is  nid  di 
**  it  might  be  done  easily,  for  that  the  ground  between  th 
'^  two  lakes,  Ness  and  Oich,  is  leveL  Could  you  ponUf 
"  survey  this  and  judge  of  it,  we  could  contrive  to  render  tki 
^^  survey  useful  to  you  perhaps.  Consider,  and  if  poasibleib 
"  it  before  you  come  hither." 

In  answer  to  which,  Mr.  Watt  writes  :* — "  In  relation  to 
^'  your  Inverness  navigation,  I  know  something  about  it  B 

would  cost  much  money  and  time  to  make  such  a  sorreytf 

I  could  set  my  hand  to,  and  I  am  a&aid  the  estimate  vvbU 
"  frighten  you.  The  ground  between  Loch  Oich  and  Lock 
"  Lochy  is  50  feet  high,  and  probably  hard  ground ;  tb 
"  whole  height,  deducting  the  said  50,  is  110  feet,  the  counhj 
"  hilly  and  rocky,  few  inhabitants,  and  labour  very  detr.  I 
"  would  like  well  to  survey  it^  if  paid  for  it ;  but  I  like  bete 
"  to  come  and  visit  you." 

"  The  reasons,"  rejoins  Dr.  Small,t  "  for  my  pressing  yw 
"  to  consider  the  project  for  joining  the  lakes  were  these:— 
^*  It  has  been  published  by  Pennant  that  an  almost  level 
"  course  might  be  found  for  a  canaL  Your  survey  would  be 
**  the  first,  and  as  things  now  stand,  both  you  and  it  could  be 
"  warmly  commended  to  Lord  Dartmouth,  who  is  at  the  heed 
"  of  the  Council  of  Trade,  to  Lord  Sandwich,  the  First  Lorf 
"  of  Admii-alty,  and  to  Lord  North.  Changes  may  in  one 
"  year,  you  are  very  sensible,  ruin  these  possibilities.  H* 
"  object  is  of  great  importance,  and  is  tolerably  well  understood 
"  to  be  so,  and  may  be  further  explained  so  as  to  be  rendered 
"  popular.  Advantages  might  arise  from  your  having  only 
*'  proposed  such  a  scheme  to  those  great  men,  and  haring 
"  been  shown  to  be  most  fit  for  executing  it" 


•  20  May.  1773.  f  2  June,  1773. 
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And,  on  the  17tli  of  August  in  the  same  year,   "I  am 
••  appointed,"  writes  Mr.  Watt,  "  by  the  Court  of  Police  to 

*  make  a  survey  of  the  canal  from  Inveraess  to  Fort  Wil- 
**  liam,  and  set  out  the  week  after  next     I  accepted  of  this 

*  merely  in  consequence  of  your  desire,  otherwise  I  should 
^  haye  delayed  it  till  next  season.  I  send  you  two  covers ; 
•*  you  forward  your  instructions  and  ideas  of  the  utility  in  one 

*  of  them,  and  your  letter  will  probably  reach  me  at  Inver- 
^  ness,  to  which  place  it  will  be  forwarded  from  Glasgow  in 
**  case  of  my  being  gone." 

Dr.  Small's  "  ideas  of  the  utility "  of  the  projected  canal 
were  very  clear  and  simple ;  and  on  the  29th  of  September 
he  thus  gives  them,  although  prefacing  the  statement  with 
an  account  of  a  long  fit  of  weakness  having  greatly  disabled 
him  from  writing : — "  When  the  herring-fishery  was  attempted 
**  by  the  people  on  the  eastern  coast,  they  found  their  own 
**  sea  furnished  neither  plenty  of  the  fish,  nor  fiat  ones ;  there- 
fore they  tried  to  send  vessels  to  the  Western  Sea,  At  the 
best  season,  these  ships  could  seldom  get  round  by  the 
Orkneys,  on  account  of  periodical  westerly  winds  and  cur- 
"  rents ;  and  the  voyage  through  the  two  channels  is  long 
and  dangerous.  Had  the  canal  then  existed,  I  believe  the 
fishery  would  by  this  time  have  been  established ;  and  for 
**  want  of  it,  besides  the  disappointment  in  that  contingency, 
"  a  vast  number  of  the  fishing  people  that  used  to  swarm 
upon  the  eastern  coast  have  left  the  kingdom,  the  people 
having  changed  their  diet,  and  now  using  less  fish.  Besides, 
it  was  necessary,  on  account  of  the  nature  of  the  voyage,  to 
use  too  large  and  expensive  vessels. 
^  Next,  could  a  canal  be  made  to  admit  armed  vessels,  no 
"  enemy  could  ever  venture  into  the  Irish  Channel,  or  near 
"  the  Western  Isles. 

"The  returning  voyage,  even  to  London  from  America, 
"  would  be  shortened  one-third  upon  an  average,  by  steering 
**  round  the  North  of  Ireland  for  this  canal,  on  account  of 
"  the  wind  in  those  latitudes.  The  banks  of  the  canal  would 
"  prove  a  seminary  of  herring-fishers,  whale-fishers,  and  New* 
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^^  foundland-fishers,  for  canals  tend  more  to  faceed  watermen 
"  than  even  sea-towns. 

''  More  artisans  living  on  the  eastern  coast  of  Scotland  than 

on  the  western,  and  they  daily  growing  more  expert,  they 

would  have  more  easy  access  to  the  American  market,  the 

only  one  that  is  likely  to  be  long  supplied  with  manufactures 

^'  from  Britain,  &e.  &c.  besides  all  the  inland  advantages." 

Before  his  survey  was  completed,  Mr.  Watt  was  suddenly 
recalled  to  Glasgow  by  a  grievous  domestic  calamity,  of  which 
we  shall  hereafter  more  particularly  speak ;  but  he  then  wrote 
to  Small : — ^*  As  far  as  I  saw  of  the  canal,  it  is  practicable. 
**  Loch  Oich  is  100  feet  above  the  sea,  and  the  summit  of 
"  Lagan  na  Drum,  that  separates  from  Loch  Lochie,  only 
**  20  feet  above  Oich,  and  all  good  graveL  There  is  plenty 
"  of  water,  and  Oich  4  miles  long  for  a  reservoir.  I  left 
"  Morison,  my  surveyor,  who  is  tolerably  accurate,  to  com- 
"  plete  the  survey.  I  had  a  miserable  journey  home,  through 
"  the  wildest  country  I  ever  saw,  and  the  worst  conducted 
''  roads :  an  incessant  rain  kept  me  for  three  days  as  wet  as 
"  water  could  make  me.  I  could  hardly  preserve  my  joumal- 
«  book." 

"  Pray  does  the  country  you  have  surveyed,"  replies  the 
Doctor,  "furnish  timber  fit  for  ship-building,  or  wood  for 
"  charcoal,  or  mines  of  any  valuable  kind  ?  I  had  no  sus- 
"  pieion  that  Loch  Oich  was  so  far  above  the  sea,  and  there- 
**  fore  had  hopes  that  ships  might  be  built  in  it,  and  their 
'^  cannon,  ballast,  &c.,  might  be  cast  on  its  banks,  and  their 
"  bolts,  &c.,  be  made  there.  Could  many  small  canals  be  cut 
"  from  the  lakes  and  the  great  canal,  on  both  sides ;  I  mean 
"  such  as  could  carry  boats  from  one  to  three  tons  burden  ? 
"  You  say  the  road  from  the  fort  is  badly  planned.  Pray 
"  mention  tliis  to  the  Commissioners  of  Police,  who  I  under- 
"  stand  are  your  present  employers.  It  may  produce  both  an 
"  improvement  and  employment  for  you  for  yeara"  "  I  do 
"  not  wonder  the  people  migrate  from  the  country  you  have 
"  described,  to  America,  or  anywhither.  Pray  have  not 
<'  all  these  mountains   formerly  been  forests,  and  why  does 
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^  not  timber  now  grow  upon  them,  as  they  are  not  culti- 
"  yated  ?  Nothing  but  inceaaant  cultiyation  can  hinder 
"  any  spot  in  America,  from  latitude  50°  southwards,  from 
producing  trees.  I  am  led  by  this  and  many  other  rea- 
sons to  suppose,  nay  to  believe,  that  the  frozen  space  of 
^  the  globe  is  annually  increased,  at  the  rate  of  about  the 
'*  300th  part  of  a  degree  of  latitude  at  a  medium,  or  more ; 
"  so  that  after  a  certain  number  of  years  all  Europe,  and 
*'  finally  the  whole  surface  of  this  earth,  will  be  frozen,  as  the 
^  moon  is  now  and  has  long  been.  Vailh  une  tJiiorie ;  one 
good  property  of  which  is,  that  I  shall  not  live  to  suffer  the 
disgrace  of  seeing  it  refuted  by  experience.  And  then  it 
"  ought  exceedingly  to  forward  the  execution  of  my  project 
"  for  producing  perpetual  summer ;  of  which  I  will  be  bold 
"  to  say,  that  if  all  the  gunpowder  which  has  been  spent  by 
"  their  Imperial  and  Royal  Majesties  the  Emperors  and  Em- 
"  presses  of  Constantinople,  Germany,  and  Kussia,  the  Kings 
''  of  France,  Spain,  Britain,  and  Prussia,  witliin  these  last 
"  twenty  years,  had  been  laid  out  upon  it,  the  powder  would 
"  have  produced  at  least  as  much  benefit  to  every  one  of  them 
*'  as  it  has  done  by  being  expended  on  their  own  schemes.  I 
"  have  had  thoughts  of  writing  a  circular  letter  to  these  poten- 
"  tates,  and  if  you  give  me  any  encouragement,  notwithstand- 
''  ing  my  laziness,  I  will  still  do  it,  although  there  is  but  little 
"  to  be  made  of  kingly  heads,  I  fear."  * 

"  As  you  are  a  great  advocate  for  the  Inverness  Canal,  and 
"  main  adviser  for  my  undertaking  the  survey,"  again  writes 
Mr.  Watt,  "  now  I  find  myself  in  a  kind  of  scrape,  I  must 
**  call  upon  you  to  help  me  out  The  case  stands  thus : — 
**  Freight  from  Forth  to  Clyde  and  back,  20«.  per  ton ;  time 
"  of  passage  from  10  to  40  days ;  ordinary  passage  20  days. 
•*  Distance  by  outside  Orkneys  635  geographical  miles ;  by 
"  Pentland  575.  From  Buchan-ness  to  Mull  by  Orkneys 
"  375 ;  by  Pentland  315.  By  the  canal,  distance  by  sea, 
^  Buchan-ness  to  Inverness  105 ;  artificial  navigation  23 
"  English  miles ;  Freshwater  loughs  30J  geographical  ditto ; 
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^'  Fort  William  to  Mull  30  ditto.  Ayerage  rate  of  Tedb 
**  sailing,  founded  upon  a  twenty  days'  passage,  30  miiei|S 
^  diem.  Passage,  Buchan-ness  to  Mull  by  OrkneySi  1!| 
"  days ;  by  Pentland,  10^.  Time  of  passage  by  cual,  ii 
**  sea  part  135  miles,  4^  days ;  the  loughs  one  day:  the  tar 
''  canals,  23  miles,  two  days :  total  by  canal,  BudisiHieili 
^  Mull,  7^  days.  Saving  over  Orkney  passage  fiT6  dqi; 
^  over  Pentland  passage  three  days.  Summer  insamn 
"  round  Orkney  30«.  per  cent ;  winter  ditto  about  31;  hi 
^*  no  wise  under-writer  will  put  his  name  to  such  a  potky. 
"  Winter  insurance  fix)m  Clyde  to  Fort  William  25%,  jer 
**  cent ;  from  Murray  Firth  to  Leith  20s.  The  expense  i 
*'  making  a  canal  for  10  feet  water  will  be  about  160,0001 
*'  besides  land.  Vbila  les  faits.  I  want  your  opinion  of  tk 
''  proper  method  of  proving  the  advantages  and  valuii^  disi 
**  in  money,  so  that  it  may  appear  what  toll  can  be  affodfli 
"  and  whether  it  will  compensate  the  expense.  Be  as  Mm 
'^  you  please ;  for  unless  some  strong  alignments  appear,  I 
"  am  afraid,  as  a  just  judge,  I  must  myself  pass  sentence  of 
"  condemnation,  or  leave  the  poor  canal  to  the  mercy  of  the 
"  public 

"  Give  me  your  opinion  of  the  best  manner  of  digesting  i 
"  report  of  this  matter,  and  of  the  size  of  the  plan.  I  thhk 
"  of  doing  it  in  one  long  plan,  upon  a  scale  of  an  inch  to  the 
"  mile  ;  it  will  be  five  feet  long,  and  may  be  printed  in  three 
''  pieces,  if  it  merits  that  expense.  A  lesser  scale  would  not 
"  show  the  parts,  and  a  larger  would  not  show  the  connectioiL 

"  Since  my  last  I  have  been  close  writing  upon  this  subject" 

"  I  have  now  finished,"  he  adds,*  "  my  reports  and  plans 
"  of  the  Inverness  Canal,  and  have  sent  a  copy  of  them  to 
"  Lord  C[athcart],  who  would  not  fail  to  show  them  about 
"  The  principal  copy  of  the  report  I  only  finished  this  week; 
"  that  I  sent  to  Lord  G.  was  only  an  outline." 

The  great  engineer,  Mr.  Telford,  throughout  the  whole  of 
his  lengthened  labours  in  connection  with  so  vast  an  unde^ 
taking,  has  borne  testimony  to  the  particular  correctness  and 

♦  To  the  same,  9  April.  1774. 
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le  of  ]Mj.  Watt's  survey;  a  dicnmstance  which  will  be 

gofiBcient  excuse  if  for  a  moment  we  anticipate  the  conrse 

our  narrative,  to  explain  the  gratifying  circumstances  in 

*wliich  Mr.  Watt  at  length  witnessed  the  completion,  on  an 

enlarged  and  magnificent  scale,  of  that  great  national  work, 

€m  behalf  of  which  his  early  skill  and  energy  had  thus  been 

enlisted.    He  had  also  in  the  meantime*  been  consulted,  as 

ta  the  same  line,  by  'Mr.  Bennie ;   whose  scheme,  however, 

was  not  then  carried  out. 

On  Telford*s  return  from  Scotland  towards  the  end  of  the 

year  1801,  he  wrote  to  Mr.  Watt,  informing  him  that  he  had 

been  engaged  there  since  the  month  of  July,  employed  in 

fn^fc^kiTig  surveys  by  order  of  the  Treasury  Board,  one  of  the 

objects  prescribed  to  him  being  to  examine  the  country  from 

Loch  Linnhe  to  Inverness,  as  to  the  practicability  of  making 

an  inland  navigation ;  and  expressing  a  strong  desire  to  see 

Mr.  Watt's  earlier  survey  of  that  district,  in  order  by  it  to 

correct  his  own  observations.    His  letter -f*  concludes : — "  We 

•*  cannot  spare  you  yet ;  you  have  done  much  good,  and  you 

^  must  do  more  still.     I  cannot  positively  insist  upon  your 

^  personally  making  good  the  Spanish  compliment,  *  Live  a 

•*  *  thousand  years,'  but  I  may  safely  presume  that  your  name 

**  will  deservedly  live  for  ever."     "  I  have  so  long  accustomed 

**  myself,"  he  adds  in  a  subsequent  letter,}  "  to  look  with  a 

**  degree  of  reverence  to  your  work,  tliat  I  am  particularly 

^  anxious  to  learn  what  occurred  to  you  in  this  business  while 

"  the  whole  was  fresh  in  your  mind.    *    *    The  object  appears 

"  to  me  so  great  and  so  desirable,  that  I  am  convinced  you 

**  will  feel  a  pleasure  in  bringing  it  again  under  investigation ; 

**  and  I  am  very  desirous  that  the  thing  should  be  fully  and 

"  fairly  explained,  so  that  the  public  may  be  made  aware  of 

"  its  extensive  utility.    If  I  can  accomplish  this,  I  shall  have 

"  done  my  duty ;   and  if  the  project  is  not  executed  now, 

**  some  future  period  will  see  it  done,  and  I  shall  have  the 

^  satisfaction  of  having  followed  you  in  promoting  its  success." 


*  Mr.  Bennie  to  Mr.  Watt,  19  May,     December,  1801. 
1793.  X  Mr.  Telford  to  Mr.  Watt.  17th 

t  Mr.  Telford  to  Mr.  Watt,  6ih     Decomber,  1801. 
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In  1802  also  he  again  writes  to  Mr.  Watt  that  he  hadfoai 
an  abstract  of  his  Report  published  in  a  Report  whidilk 
Anderson  made  to  the  Lords  of  the  Treasury :— "  I  beliewi 
''  is  yours,"  says  l^lr.  Telford,  ^  because  it  is  just  and  nai' 
''  terly ;  and  I  have  introduced  in  my  Report  your  genenl 
**  description,  plainly  saying  that  it  could  not  be  so  well  tell 
"  in  any  other  words.** 

Mr.  Telford  says  that,  on  comparison,  he  found  the  wkle 
of  Mr.  Watt's  statements  in  his  survey  **  particularly  oomc^ 
"  except  in  the  fall  from  Loch  Oich  to  Loch  Xess,  where  w 
^'  differ  a  few  feet ;  but  the  states  of  the  water  in  the  Lodi 
''  make  some  difference,  and  the  only  bad  weather  I  expe- 
''  rienced  was  during  this  part  of  the  survey,  so  that  1  am  not 
"  positive  that  I  am  right.  I  had  not  time  to  proTe  tk 
"  levels,  nor  is  it  of  much  moment :  the  height  of  the  walff 
"  in  Loch  Oich  above  the  tideway  is  100  feet,  as  near  as  mij 
"  be."*  To  which  Mr.  Watt  replied: — "As  we  agree  upoa 
"  the  level  of  Loch  Oich  the  summit,  any  difference  of  leid 
"  elsewhere  cannot  materially  affect  the  estimates,  as  the  feeft 
"  of  lockage  will  remain  the  same.  The  mistake  may,  hov- 
"  ever,  be  mine,  as  my  levels  were  not  repeated."  -f- 

The  depth  of  water  recommended  by  Mr.  Telford  im 
22  feet  That  of  the  canal  as  executed  was  in  most  paits 
15  feet ;  although  the  bridges  and  locks  were  prepared  on  » 
scale  to  admit  of  that  being  increased,  should  it  ever  be  foond 
advisable,  to  20  feet.  Mr.  Telford  introduces  a  long  extnct 
from  Mr.  Watt's  Report,  with  the  following  observations:— 
«  In  the  year  1773,  tlie  Trustees  for  the  Forfeited  Estates 
"  employed  Mr.  Watt  to  make  a  survey  of  this  track,  which  he 
"  did,  and  furnished  them  with  a  report  and  estimate  of  the 
"  expense  of  making  a  canal  of  ten  feet  water.  This  report 
"  is  so  able  and  just,  that  had  I  considered  that  size  of  canal 
"  as  most  advisable,  I  should  have  adapted  the  calculations  of 
the  expense  to  the  present  day,  and  mentioned  some  alter- 
ations which  have  taken  place  in  the  country  since  hk 


it 


•  Mr.  Tolford  to  Mr.  Watt,  3  May.  1802. 
f  Mr.  Watt  to  Mr.  Tolford,  May  9.  1802. 
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^*  siirrey  was  made,  aud  should  have  recommended  the  survey 
"  to  your  Lordships'  attention.  But  Mr.  Watt's  views  were 
"  merely  to  ascertain  how  far  a  navigation  of  any  sort  was 
"  practicable,  and  therefore  he  fixed  upon  ten  feet  of  water 
**  as  an  assumed  standard  to  enable  him  to  make  his  esti- 
"  mates.  I  lose  therefore  the  benefit  of  his  particular  calcu- 
^  lations ;  and  I  am  under  the  necessity  of  departing,  in  some 
^  instances,  from  his  line  of  canal,  especially  at  the  entrances 
^*  into  the  lochs  and  tideways,  in  order  to  obtain  a  greater 
"  depth  of  water ;  but  I  have  followed  him  wherever  the  cir- 
"  cumstances  would  permit ;  and  I  cannot  resist  the  intro- 
"  ducing  his  general  description  of  the  country  through  which 
"  the  navigation  is  proposed  to  be  made,  because,  after  having 
**  examined  the  whole  witli  care,  I  find  it  to  be  so  correct, 
"  that  I  could  only  repeat  tlie  same  descriptions  and  dwell 
"  upon  the  same  points."  Their  levels  agreed  within  one 
foot. — See  p.  42  of  the  Report.  In  lus  Keport,*  Mr.  Watt 
mentions  that  he  confined  his  estimates  to  a  canal  of  ten  feet 
depth  of  water,  because  he  know  of  none  that  had  been 
executed  upon  a  greater  scale,  and  because  his  views  in 
making  the  survey  were  principally  directed  to  those  dimen- 
sions. "It  is  sufficient,"  he  adds,  "in  a  first  survey,  that 
'*  the  possibility  is  established,  and  the  expense  of  one  mode 
"  of  communication  is  nearly  estimated,  which  I  flatter  myself 
"  I  have  done.  If  from  my  observations  the  making  any 
^  communication  should  appear  an  eligible  scheme,  the  matter 
"  may  be  minutely  examined,  and  the  opinions  of  other  artists 
**  obtained,  concerning  the  best  mode  of  execution." 

It  is  curious,  if  only  by  way  of  contrast  with  the  practice 
of  the  present  day,  to  record  the  rate  of  payment  at  which 
the  skill  and  exertions  of  a  man  endowed  with  Watt's  powers 
of  mind  were  then  obtained.  The  Strathmore  sur\'ey  of  1770 
may  be  taken  as  a  specimen.  On  that  occasion  he  was  actively 
engaged  in  travelling  and  in  field  operations  for  forty-three 
days,  usually  from  eight  or  nine  in  the  morning  till  seven  or 


♦  Third  Report  on  the  Survey  of     be  printed  14th  June,  1803,  Appen- 
ihe  Coasts  of  Scotland,  ordered  to      dix,  p.  32. 
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eight  at  night,  daring  most  inclement  weather,  vith  pieRi{ 
cold,  and  frequent  and  heavy  falls  of  snow  and  rain;  and  Ml 
exertions  so  much  exhausted  his  strength,  as  to  render  lot, 
to  use  his  own  words,  "  unable  for  some  time  to  apply  \at 
*^  self  to  any  other  business  that  required  attention.''  Ik 
charge  for  that  work  was  807.,  or  about  12.  17«.  per  dio^ 
inclusive  of  aU  his  expenses  of  travelling  €md  living.  For  lb 
preparation  of  the  Report  and  directing  the  executtcmoflb 
map  which  accompanied  it,  he  was  paid  the  further  son  i 
30/. — an  almost  equally  insignificant  recompense  for  the  ram 
amount  of  time  and  labour  bestowed,  independent  of  aDooi- 
siderations  of  superior  knowledge,  accuracy,  and  sagacity. 

That  the  rate  of  remuneration  of  civil  engineers  did  Bot 
rise  in  any  very  rapid  ratio  in  the  latter  part  of  the  last  cei- 
tury,  appears  from  a  letter  of  Mr.  Watt  in  1791,  in  whidiil 
is  incidentally  mentioned  that  Mr.  Bennie,  ^^  who  is  in  odd- 
**  siderable  fame,  and,  I  suppose,"  says  Mr.  Watt,  ^  as  iid 
^'  paid  as  any  of  his  standing,  has  two  guineas  a-day  wfaei 
"  employed  as  an  engineer;"  in  addition,  however,  it  is  to bi 
presumed,  to  his  travelling  expenses  and  other  ^  costs  ail 
^'  outlays,"  which  was  not  the  case  with  the  smaller  rate  of 
pay  of  Mr.  Watt  in  1770. 

We  have  in  our  own  time  seen  engineering  bills,  in  whid 
the  rate  of  charges  presented  a  marvellons  contrast  to  thott 
which  men  such  as  Bennie  and  Watt  felt  it  right  to  make; 
while  it  was  also  found,  to  the  further  serious  cost  of  those 
who  had  to  defray  the  far  larger  amount,  that  the  s^ricei 
received  by  them  for  their  money  were  of  very  far  less  than 
equivalent  worth ! 
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Besides  all  his  surveying  and  civil-engineering,  and  the 
manifold  alterations  he  devised  in  both  his  condensing  and 
liis  wheel  engines,  Mr.  Watt  bestowed,  during  the  years  of 
which  we  have  now  been  speaking,  in  concert  with  his 
friend  Small,  a  good  deal  of  thought  on  various  other  inge- 
nious mechanical  contrivances,  which  supplied  pleasant  amuse- 
ment to  their  inventive  and  reflective  brains.  "  We  have 
**  abundance  of  matter  to  discuss,"  says  the  great  engineer ; 
**  though  the  damned  engine  sleep  in  quiet  1 "  *  "  The  French, 
*  you  know,"  says  Small,  "  offer  large  praemia  for  time-keepers. 
**  Were  I  idle,  I  should  try  to  win  one  of  these.  But  physic 
"  exhausts  my  whole  faculties,  and  pays  but  indifferently.  I 
"  am  so  made  that  I  suffer  no  fatigue  from  thinking  ever  so 
**  long  and  attentively  on  a  subject  in  which  I  can  get  for- 
**  ward ;  but  if  I  am  absolutely  puzzled,  and  see  no  clue,  my 
"  head  turns  round,  and  I  speedily  become  more  tired  than  a 
"  galley-slave.  Physic  very  fortunately  furnishes  abundance 
"  of  these  profitable  points." f  "I  have  perfected  my  clock 
"  with  one  wheel  of  nine  inches  diameter,  which  is  to  tell 
"  hoiu^,  minutes,  and  seconds,  and  strike,  and  repeat,  and  be 
"  made  for  thirty  shillings."  $  And  again,  "  My  clock  of  one 
**  wheel,  that  shows  hours,  minutes,  and  seconds,  and  strikes 
"  the  hours  and  repeats  them,  is  nearly  finished.  The  striking 
"  and  repetition  are  good,  the  rest  is  gimcrack."  § 


♦  7  November,  1772.  t  14  February.  1771. 

t  5  October,  1770.  $  16  December,  1771. 
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"  You  wrote  me  before,"  says  Mr.  Watt,*  "  of  your  M 
^'  with  one  wheeL  Did  I  e^er  mention  to  yon  a  itali| 
^'  part,  regulated  by  a  balance  pendulum  with  live  scapeMi 
^  which  had  only  one  wheel?"  But  some  months  ktt^ 
<«  Everybody/'  says  Small,  ^  is  too  much  engaged  bt  h 
^  prosecution  of  schemes,  so  that  even  my  dock  is  iiotpN» 
"  cuted,  and  I  have  only  one,  which  I  cannot  send  to  yoa;'- 
"I  have  just  ordered  a  pendulum  clock  to  be  madeittM 
"  wheel  at  all;"$ — and,  "when  my  clock  with  one  ih4' 
he  afterwards  adds,§  "  was  finished,  I  found  it  too  complioitoi 
"  and  have  now  got  one  with  no  wheel,  and  only  one  leelt 
^*  with  seventy-five  teetL  It  strikes,  repeats,  shows  lioa^ 
"  minutes,  and  seconds,  and  goes  eight  days,  with  the  wi 
"  descent  of  the  weight.  This  is  to  be  ranked  in  mechanio^ 
"  as  riddles  and  rebuses  are  ranked  in  poetry." 

On  which  comes  this  comment  of  the   sagacious  Watt:- 
"  As  to  clocks,  I  do  not  fully  conceive  how  you  can  mib 
"  yours  go  eight  days  with  the  ordinary  descent  of  the  wei^ 
*'  unless  by  pulleys  or  something  equivalent,  which  would  oiilf 
"  be  a  quibble  upon  a  wheel  ;"|| — thus   answered  by  tki 
inventor  :^ — ^'  there  is  no  quibble  in  my  clock,  and  we  bm 
"  now  found  a  tolerable  workman  for  the   execution  of  it 
''  One  is  now  making,  which  will  show  with  much  more  aoct- 
"  racy  than  any  other  dock  has  hitherto  done,  the  s^bm 
"  phenomena  relating  to  astronomy,  sidereal  and  mean  tiin^ 
"  hours,  minutes,  and  seconds,  with  only  one  wheel  and  one 
''  sector.    It  will  also  strike  and  repeat  the  hours.    The  idieel 
"  has  72  teeth  and  the  sector  75  only ;" — « I  have  had  a  net 
"  scapement  made  for  watches,  of  such  marvellous  virtue,  tbal 
^  if  the  maintaining  power  is  quadrupled,  or  decupled,  the 
"  number  of  the  vibrations  will  be  lessened,,  but  not  above  tea 
"  in  twenty-four  hoiu^."  *♦    And — "  I  have  taken  out  a  patent 
"  for  improvement  on  clocks  and  other  time-pieces,  and  want 
**  you  vastly  to  help  me  to  draw  up  the  specification,  whkh 


•  24  December.  1771.  ii  17  January,  1778. 

t  11  July.  1772.  1  27  January,  1778. 

t  16  November.  1772.  ♦♦  15  March,  1778. 
§  3  December,  1772. 
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**  must  be  given  in  soon.  I  have  made  a  clmrfh-clock,  ron- 
"  sisting  only  of  one  wheel  of  126  pins,  and  one  sector  of  75 
"  pins,  and  a  hammer,  with  a  scapemcnt  for  the  sector  and 
"  another  for  the  hammer.  It  strikes  tlie  hours,  shows  hours, 
"  minutes,  and  20th  parts  of  minutes,  and  goes  eight  days. 
"  And  I  have  given  drawings  of  a  pocket-watch,  which  is  to 
"  consist  of  one  wheel  and  two  sectors,  and  is  to  show  hours, 
"  minutes,  and  seconds,  and  to  have  only  142  pins  in  the 
"  whole  watcli,  and  to  have  no  chain  nor  fuzee,  the  kind  of 
"  Bcapement  rendering  them  unnecessary.  But  I  have  had 
"  hitherto  villainous  bad  workmen.  Tlie  axis  of  the  pendulum 
"  of  my  clock  is  a  cylinder,  and  rolls  upon  curves,  which 
"  render  the  vibrations  isoclironoas,  and  it  has  two  rolls  for 
"  one  impulse."  * 

"  A  patent,"  he  again  writcs,t  "  has  boon  taken  out  for  my 
"  clocks  and  watches,  and  there  is  reason  to  hoi)e  they  may 
"  become  an  arti(?le  of  commerce.  I  am  ready  to  make  over 
"  to  you  all  my  interest  in  the  patent,  provided  that  can  be 
"  done  so  as  to  benefit  all  concerned,  which,  if  you  can  be 
"  established  in  this  country,  might  be  the  case." 

"  As  to  gimcracks,"  writes  llr.  Watt,J  "  I  have  contrived  a 
"  new  micrometer,  made  by  drawing  two  converging  lines 
"  upon  glass.  I  believe  from  trial  it  will  answer.  I  men- 
**  tioned  a  dividing-screw ;  it  has  a  wheel  fixed  uj)on  it  with 
**  150  teeth  and  only  1 1  inch  diameter :  it  is  moved  any 
"  portion  of  a  turn  or  number  of  turns  by  a  straiglit-line  rack, 
"  the  teeth  of  which  fit  it,  without  shake,  and  is  moved  by 
"  the  hand  or  foot.  It  divides  distinctly  an  inch  into  400 
"  equal  parts."  Of  the  micrometer,  we  shall  soon  give  a  full 
history.  "  As  to  your  doubts  about  the  screw,"  lie  writes  to 
Small,  "  I  intend  to  annihilate  them  when  I  see  you :" — "  my 
"  dividing-screw  can  divide  an  inch  into  1000  tolerably  equal 
"  and  distinct  parts  on  glass ;" — "  I  had  occasion  to  use  my 
"  last  dividing-screw  for  the  first  time  the  other  day.  It 
"  divided  9  inches  into  20ths,  and  did  not  err  the  ^J^th  of  an 


♦  27  October.  1773.  t  20  March.  1774. 

X  24  N«)venibi.T.  1772. 
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''  inch  in  the  whole  9  inches.  I  did  not  find  that  there  iH 
the  least  inequality  among  the  divisioiis,  though  I  subpetel 
them  to  the  most  severe  trial,  and  I  have  fonndawiylif 
*<  which  I  can  divide  a  foot  into  j^^y^ths  of  an  inch  wittii 
''  erring  above  ^^th  of  an  inch  in  the  whole  length,  ftsd  A» 
''  divisions  shall  be  equal  among  themselYes ;  so  that  I  tfAok 
''  that  machine  exceeding  near  perfect,  and  find  it  veiyiwftl 
"  as  it  saves  much  needless  compass  work,  and,  moreover,  m 
**  divide  lines  into  the  ordinates  of  any  curve  whataoevK* 
**  I  rejoice  in  all  your  improvements,"  replies  Dr.  Sull* 
"  but  have  many  optical  difficulties  that  lessen  my  confidflM 
*'  in  observations  made  with  the  most  accurately  divided  iD9bt> 
''  ments.  For  example,  no  optical  instrument  hitherto  cioi> 
"  structed,  catoptric  or  dioptric,  or  catadioptric,  produceditt 
*^  exact  copy  of  any  object ;  so  that  all  the  risible  points  of 
"  every  object  of  sensible  apparent  diameter  are  represeoteJ 
'*  in  the  field  of  the  instrument  in  situations  in  reladoa  to 
"  each  other  very  different  from  what  they  ought  to  oeei^f 
**  &c.  &c.  The  unsteady  refractions  of  light  passing  thniq^ 
'^  the  atmosphere  are  also  vile  things ;  not  those  mentioned 
"  by  astronomers  only,  but  others  I  will  show  you  i^ 
"  we  meet." 

"  I  am  making  a  new  surveying  quadrant  by  reflectioo,** 
writes  Mr.  Watt,t  "  having  the  uses  of  a  semicircle  n 
taking  angles  to  180° ;  the  principle,  that  of  Bird's  octant 
in  wliich  the  objects  are  only  once  reflected.  In  this  I  •■ 
"  making,  the  fixed  glass  stands  at  45°  to  the  first  radiv; 
"  and  by  shifting  the  place  of  the  eye,  the  head  is  neva  ii 
"  the  way.  I  am  going  to  make  another  altogether  of  ^le^ 
"  with  nonius  of  the  same." 

On  which,  Dr.  Small  observes: — "I  remember  to  hftW 
"  much  admired  your  schemes  about  improving  instromoits 
"  for  measuring  angles  by  reflected  light  Dollond  has  lately, 
''  as  I  have  heard,  made  some  inconsiderable  but  saleaUa 
"  alterations  of  Hadley*s  Quadrant,  as  it  is  called,  though  tl» 
"  invention  is  Newton's,  which  you  no  doubt  know."     Dr. 


♦  29  Blarch.  1774.  f  17  Januaiy,  177S. 
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Bmall  was  quite  correct  in  his  account  of  the  history  of  the 
invention  of  that  most  valuable  instrument ;  for  Sir  John 
Herachel  speaks,  in  his  'Treatise  on  Astronomy/  of  "the 

*  aecctant,  or  quadrant,  commonly  called  Hadley*s,  from  its 

*  reputed  inventor,  though  the  priority  of  invention  belongs 

*  undoubtedly  to  Newton,  whose  claims  to  the  gratitude  of 
**  the  navigator  are  thus  doubled,  by  his  having  furnished  at 

*  once  the  only  theory  by  which  his  vessel  can  be  securely 
**  gnidedl,  and  the  only  instrument  which  has  ever  been  found 

*  to  avail,  in  applying  that  theory  to  its  nautical  uses. 

**  Newton  communicated  it  to  Dr.  Halley,  who  suppressed 
•*  it.  The  description  of  the  instrument  was  found,  after  the 
••  death  of  Halley,  among  his  papers,  in  Newton's  own  hand- 
*•  writing,  by  his  executor,  who  communicated  the  papers  to 
*•  the  Boyal  Society,  twenty-five  years  after  Newton's  death, 
^  and  eleven  after  the  publication  of  Hadley's  invention ; 

*  which  might  be,  and  probably  was,  independent  of  any 
*■  knowledge    of  Newton's,  though  Button    insinuates  the 

*  contrary."* 

So  also  Oltmanns  has  said,  **  John  Hadley  fit  construire  le 
premier  sextant  &  reflexion,  dont  I'invention  appartenait  k 

«  Newton."  t 

Small  then  continues :  % — "  I  am  attempting  the  improve- 
•*  ment  of  telescopes,  and  still  more  anxiously  of  microscopes, 

*  because  the  present  microscopes  deceive  their  users ;  but 
*•  I  find  it  very  difficult  to  procure  good  lenses.  Could  you 
**  make  an  achromatic  lens  of  half  an  inch  focal  distance  ? 

*  DoUond's  patent  is  out." 

In  return,  says  Mr.  Watt:  § — "I  have  invented  two  problems 
**  for  clearing  the  observed  distance  of  the  moon  from  a  star 
**  of  the  effects  of  refraction  and  parallax ;  one  trigonome- 
"  trical,  by  Mercator's  sailing, — the  other  instrumental,  by  a 

*  sector  having  a  line  of  chords  on  each  limb  and  a  moveable 

*  portion  of  a  circle  of  the  same  radius,  which,  if  of  three 


•  Sir  J.  F.  W.  Herechors  *  Treatise  •d'HumboldtetBonpland.*  Quatrit'me 

•on  AjBtronomy;  1833,  p.  102  ;  1849,  Partie.    Tome  i.,  p.  27.  ed.  1810. 

p.  115.  X  27  January.  1773. 

t  DiflCOHTB  Pr^iminaire,  •  Voyage  §  7  March,  1773. 
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**  feet,  tbe  problem  may  be  solved  to  ten  seconds.  Iflbni 
<<  time  I  will  make  a  model  of  it,  and  bring  it  wben  I  coat 
^  Moreover,  I  can  solve  tbe  same  problem  accordiogtoD^ 
^  thome's  metbod,  bv  two  lines  of  natural  cosines  upoi  a 
"  sliding  rule."  "  I  like  your  astronomical  instramad,"  i 
the  immediate  reply  ;* — '*'  All  the  problems  of  astronoBf 
^  and  of  sailing  might  be  sofficiently  well  solved,  espediDf 
^  the  last,  and  I  have  often  wondered  snob  instruments  wen 
'^  not  in  use.  Harrison's  watch  begins  to  make  a  great  dom 
^'  again.  The  King  has  had  it  tried  under  his  own  inspectioii 
"  with  vast  success.  Sooner  or  later  it  will  eradicate  istio- 
"  nomy  from  navigation,  which  is  unlucky  for  your  inroh 
"  tions  :"  and,  some  months  later,t  "  As  to  the  quadrant,  if* 
^  is  intended  only  to  perform  tolerably,  and  to  be  poitabk 
^  it  is  good ;  but  you  do  not  mean,  I  suppose,  to  rank  it  lA 
^  quadrants  of  some  other  forms.  And  how  do  you  intend  to 
^  keep  the  parts  of  it  in  the  same,  or  in  parallel  planes^  ind 
'*  to  contrive  that  your  line  of  chords  should  constantlj  be 
"  the  base  of  an  isosceles  triangle  ?  This  last  is  not  tbt 
*'  difficult ;  but  the  other,  I  fear,  is.  Then  yon  must  htTe  • 
'<  faithful  table  of  chords,  which  is  still  to  be  formed ;  fer  the 
"  published  ones  are  not  correct." 

Two  new  Imrometers  contrived  by  Dr.  Small  he  thai 
describes : — "  In  one  of  my  barometers  the  scale  floats  withia 
"  the  tube,  and  is  of  such  specific  gravity,  and  of  so  aort- 
"  rately  expansile  matter,  that  it  constantly  shows  the  weight 
"  of  the  atmosphere  correctly.  This  is  difficult  to  be  m^Jft- 
"  The  other  is  very  easy.  The  bason  is  large ;  a  float  of 
^^  metal,  with  a  hole  for  the  tube  in  its  middle,  lies  upon  the 
'^  surface ;  a  scale  stands  upon  the  float,  and  expands  axfel 
''  contracts  just  as  much  as  merciuy.  You  can  easily  imagine 
"  how  both  may  be  rendered  portable :" — on  which  Mr. 
Watt's  brief  commentary  is: — "I  admire  your  ezpaDsfle 
"  scale,  the  idea  of  which  I  had  before,  but  had  none  of  the 
^'  possibility,  as  I  know  nothing  that  expands  so  much  bf 


♦  15  March,  1773.  t  16  October,  1778. 
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*•  heat  as  quicksilver,  unless  Newton's  metal  does  it    I  have 

•  objections  to  the  floating,  which  I  defer  to  meeting." 

'  In  Mr.  Watt's  survey  of  the  Tarbert  and  Crinan  lines,  for 
%  nayigable  canal,  in  1771,  he  used  the  micrometer  for  mea- 
anring  distances,  which  he  had  then  invented  ;  and  of  which, 
M  well  as  of  the  circumstances  which  led  to  his  employment 
and  improvement  of  it,  he  has  left  the  following  account 

Micrometer  far  measuring  Distances. 

**ThiB  instniment  was  contrived  about  the  year  1770  or 
•*  1771.     I  know  I  used  it  in  the  surveys  of  the  Crinan  and 

*  Gilp  and  the  Tarbert  intended  canals,  and  also  in  the 
**  survey  of  the  canal  from  Inverness  to  Fort  William,  now 
**  called  the  Caledonian  Canal.  The  former  survey  was  in 
«  1772,*  and  the  latter  in  1773,  and  it  was  in  1772  I  showed 
**  it  to  Mr.  Smeaton. 

"  The  instrument  I  used  was  a  telescope  with  an  object- 
**  glass  of  twelve  inches  and  an  eye-glass  of  one  and  a  half 
•*  inch  focus ;  consequently  magnifying  eight  times.  In  the 
•*  focus  of  the  eye-glass  there  were  placed  two  horizontal 
**  hairs,  (see  margin,)  and  one  perpendicular  hair. 
**  The  horizontal  hairs  were  about  one-tenth  of 
"  an  inch  distant  from  each  other,  and  as  strictly 
**  parallel  to  each  other  and  at  right  angles  to 
**  the  perpendicular  hair  as  I  could  make  them.  A  rod  being 
**  placed  upright  at  twenty  chains  distant,  'or  any  other  con- 
**  venient  distance,  on  level  ground,  an  index  consisting  of  a 
"  round  disk  of  about  eight  inches  diameter  painted  white, 
"  with  a  horizontal  line  of  one  inch  wide  painted  on  its  hori- 
"  zontal  diameter  with  vermilion,  was  fixed  upon  the  rod 
about  one  foot  from  the  ground,  and  another  similar  index 
was  moved  up  and  down  the  rod,  until  upon  looking  through 
the  telescope  the  two  horizontal  hairs  covered  the  red  stripes 
on  the  lower  and  upper  indexes,  the  telescope  being  turned 


•  This  date,  as   has  been  men-     the  Report;  the  actual  survey  took 
tioned,  is  that  of  the  completion  of     place  in  1771. 
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^  on  its  axis  until  the  perpendicular  hair  was  paxaOdtofte 
^  rod  The  indexes  being  thns  covered  by  the  honnldi 
**  hairs  accurately,  the  upper  index  was  fixed  to  the  rod,  si 
^  the  distance  between  the  middle  of  the  red  stripes  oafti 
**  two  indexes  was  divided  upon  the  rod  into  twenty  pali^ 
^  representing  so  many  chains,  which  with  the  insUumeBil 
'^  used  were  upon  the  rod  about  four  and  a  half  inches  eid^ 
**  and  for  distances  exceeding  five  chains  this  division  into 
**  equal  parts  was  sufficiently  accurate ;  but  for  shorter  & 
*^  tances  it  is  not  strictly  so.  I  therefore  fixed  a  pin  at  eToy 
*'  chain,  and  holding  up  the  rod  at  each  of  them  made  tk 
"  necessary  correction,  and  as  the  focus  of  the  object-g^ii 
^'  also  affected  by  the  distance,  it  is  proper  to  adjust  the  cjft* 
''  glass  to  it  at  each  station. 

*'  The  divisions  on  the  rod  being  marked  with  the  number 
'^  of  chains  tbey  represent,  it  was  only  necessary  to  send  tt 
"  assistant  with  the  rod  to  any  place  the  distance  of  whkk 
**  was  wanted  to  be  measured,  and,  by  signs,  to  make  iua 
"  move  the  upper  index  up  and  down  until  the  two  hori- 
"  zontal  hairs  covered  the  red  stripes  on  the  upper  and  Io«er 
'^  indexes ;  the  divisions  on  the  rod  then  showed  the  distance, 
"  which  I  found  could  be  ascertained  to  within  less  than  one- 
"  hundredth  part  of  the  whole  distance,  and  with  a  higher 
"  magnifying  power  could  be  done  proportionally  more  acctt- 
"  rate.  The  rod  I  commonly  used  was  twelve  feet  long,  and 
"  consequently  could  measure  thirty  chains ;  but  by  diding 
"  another  rod  upon  it  so  as  to  lengthen  it,  I  measiued  greater 
"  distances ;  and  when  still  greater  were  wanted,  I  stretched 
"  a  tape  horizontally,  and,  turning  the  telescope  on  its  ssk, 
"  made  the  single  hair  parallel  to  it,  fixing  one  index  at  the 
"  end  of  the  tape,  and  diding  the  other  along  it  until  it  sub- 
"  tended  the  distance  between  the  wires.  I  then  measured 
"  the  subtended  tape  with  the  rod,  and  so  ascertained  the 
"  distance ;  but  this  expedient  I  rarely  had  recourse  to,  the 
^'  distances  I  generally  had  occasion  to  measure  rarely  exceed- 
"  ing  half  a  mile,  or  forty  chains. 

It  is  plain  that  this  instrument  possesses  the  advantage 
of  measuring  all  distances  with  equal  accuracy,  until  ^ 
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**  imperfection  of  vision  at  great  distances  interferes,  as  the 

*  scale  on  which  they  are  measured  expands  with  the  dis- 
•*  tances ;  and  in  uneven  ground  it  possesses  more  accuracy 
**  than  the  chain,  and  is  very  valuable  in  measuring  distances 
••  fiom  one  hill  to  another,  and  across  bays  of  the  sea,  where 
^  the  chain  cannot  be  used.  This  I  experienced  in  the  survey 
•*  of  West  Loch  Tarbert,  the  northern  shore  of  which  is  very 

*  much  indented,  and  so  rocky  that  it  is  scarcely  possible  to 
measure  a  few  chains  in  a  straight  line  upon  it. 

**  I  showed  the  instrument  to  all  my  friends  at  the  time, 
and,  among  others,  to  Mr.  Smeaton,  as  I  have  mentioned ; 
and  used  it  publicly  in  my  surveys,  and  it  was  consequently 
known  to  many  people,  though  not  publiAed  in  print.     A 
**  Mr.  Green,  in  1778,  applied  to  the  Society  of  Arts  for  a 
premium    for   the    same    invention,   which    Mr.    Smeaton 
apprised  me  of,   and  also   informed  the   Society  of  my 
**  claims ;  in  consequence  of  which  I  was  desired  to  attend 
^  their  committee,  where  I  informed  them  of  what  I  had 
**  done,  and  at  what  time.     Yet  the  Society  thought  fit  to 
award  Mr.  Green  the  premium,  though  his  invention  or  use 
of  the  method  was  posterior  to  mine, — I  suppose  because 
**  he  had  used  an  instrument  of  higher  magnifying  power,  viz. 
"  forty,  and  consequently  had  been  able  to  measure  greater 
"  distances,  and,  as  was  said,  with  greater  accuracy.     I  made 
**  no  further  reclamation,  as  I  perceived  it  was  not  in  that 
court  I  could  obtain  justice ;  and,  as  I  abhor  paper  war,  I 
did  not  apply  to  any  other,  though  there  were  people  then 
"  living  who  could  have  attested  my  use  of  it. 

"  Another  micrometer,  with  a  prism,  I  invented,  I  think, 
"  about  that  time.     It  consisted  of  „    , 

Section. 

"  a  thin  prism   almost  parallel  (say  _ 

"  of  one  degree  or  two).     This  prism  a-^- . 

"  was   cut  by  a  diamond  into   two  *''*' 

"  parts,  which,  when  they  were  fixed 

**  in  the  same  plane,  refracted   all  the  rays  which  passed 

"  through  them  equally ;  but  one  of  them  remaining  fixed, 

"  and  the  other  moving  on  a  centre  at  a  (according  to  the 

"  pricked  line),  would  refract  that  portion  of  the  rays  which 


^ 
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''  passed  through  it  more  than  those  which  peased  flra^ 
"  the  fixed  part ;  and  being  fixed  in  the  focus  of  the  objae^ 
'^  glass  of  a  telescope,  two  images  were  formed  of  each  ohjae^ 
**  by  which  its  diameter  could  be  measured.  An  index  si 
**  divided  sector  of  a  circle  served  to  measure  the  oompuitiii 
*'  re&actions.  This  instrument  I  made  with  the  sector  si 
^^  radius  of  wood,  and  gave  it  to  Professor  Andenoo,  i 
**'  Glasgow  College,  and  I  suppose  it  is  still  among  his  vfft 
^  ratus,  which  he  left  to  a  public  institution.  The  HM 
"  Bochon  afterwards  (1783)  published  a  description  of 
^*  micrometers  with  prisms,  but  I  think  they  were  upon 
"  what  diflferent  principles  in  tlieir  construction. 

"  The  cross-hair  micrometer,  as  described,  leaving  me  too 
''  much  in  the  power  of  my  assistants,  where  the  distanofli 
"  were  greater  than  permitted  me  to  read  ofifthe  number  rf 
"  chains  on  the  rod  myself,  I  set  about  another  about  1772  a 
"  1773,  which  consisted  of  a  telescope  with  an  object-glafliot 
*^  a  long  focus,  say  tliree  or  four  feet :  this  was  placed  in  a 
'^  tube  with  a  slit  in  one  side  of  it  nearly  as  long  as  the  fiM 
''  of  the  telescope,  and  the  object-glass  being  fitted  to  a  diot 
**  tube  which  slid  from  end  to  end  of  the  slit,  coidd  be  mofed 
**  backwards  and  forwards  by  means  of  a  piece  of  metal  fixed 
**  to  the  short  tube  and  coming  out  through  the  slit :  a  glafl 
"  of  six  to  nine  inches  focus  was  also  fixed  in  the  outer  tube, 
'^iu  the  nature  of  what  is  called  a  field-glass,  and  to  this  wis 
"  added  an  eye-glass  with  a  cross-hair  piece  in  its  focus; 
**  thus— 

OtJect-glMS.  Field.  Eye, 


"  Now  it  is  evident  that  if  the  object-glass  be  moved  nearer 
"  the  field-glass,  their  common  focus  will  be  shortened,  and 
*'  the  image  at  the  cross-hairs  diminished,  proportionaUy» 
"  until,  when  the  glasses  come  into  cont€u;t^  their  common 
'*  focus  will  be  shorter  than  that  of  the  field-glass  alone ;  and 
"  two  indexes  fixed  upon  a  rod  being  subtended  by  the  cnw- 
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**  hairs  at  any  given  distance,  the  same  rod  with  its  indexes 
^  being  removed  nearer  the  observer,  upon  sliding  the  object- 
••  glass  nearer  tlie  eye  they  may  again  be  subtended  by  the 
^  cross-hairs ;  a  scale  on  the  side  of  the  tube  will  show  the 
••  comparative  distance  they  have  been  removed,  and  the 
^  distance  of  the  first  being  known,  that  of  the  second  will 
^  also  be  so.  This  scale  would  not,  however,  be  a  scale  of 
^  equal  parts,  but  one  which  could  easily  be  laid  down. 

**  I  made  a  rough  model  of  this  instrument  at  the  time,  but 
••  have  never  completed  it,  having  been  mostly  since  in  a  line 
••  of  business  where  such  instruments  were  unnecessary.  I 
"  described  it,  however,  to  several  of  my  friends  at  the  time, 
^  and  among  others  to  the  late  Mr.  Bamsden ;  but  whether 
•*  it  has  been  thought  of  by  any  one  else,  or  the  problem  pub- 
•*  lisbed,  I  am  ignorant." 

Sir  David  Brewster,  at  a  later  period,  but  without  any 
knowledge  of  the  instruments  which  had  been  thus  contrived 
by  Mr.  Watt,  invented  an  improved  micrometer  with  a  move- 
able object-gl«iss,  which  is  described  in  his  '  Treatise  on  New 

*  Philosophical  Instruments  in  the  Arts  and  Sciences,  with 

*  Experiments  on  Light  and  Colours.'*  But  in  a  review  of 
that  work  in  the  *  Bulletin  de  la  Soci6te  Philomathique,*  for 
1814:,t  M.  Arago  having  pointed  out  that  the  invention  of  a 
moveable  object-glass  for  separating,  optically,  a  pair  of  wires 
fixed  in  the  focus  of  a  telescope,  had  been  made  by  M.  de  la 
Hire  more  than  a  century  before,  as  is  mentioned  in  the 

*  Memoires  de  T Academic  des  Sciences '  for  1701, — "  I  have 
"  since,"  says  Sir  David,  in  writing  to  Mr.  Watt,  with  the 


♦  Edinburgh,  1813,  Sto. 

t  **Un  inBtniment  enti^remcnt 
"ecmblable  k  celui-lk  avait  4ii  em- 
'*  ploy4  par  Roemer  et  Lahyre,  comme 
"  on  pent  lo  voir  danB  le  KecueH  de 
**  I'Acad^niie  des  Sciences  pour  1701. 
**  M.  Brewster  n'avait  siirement  pas 
**  connaissance  de  ces  M^oires,  car 
**  il  propose,  dans  nn  autre  chapitre 
*'de  son  ouyrage  (p.  76),  de  sunsti- 
'*  tuer  des  fils  de  yerre  auz  fils  ni^tal> 
'*  liques  ou  d'araign^e  dont  on  sc  sert 
**  commun^ment  dans  le  micrometre, 
**  ct  cela  sans  citer  lAhyrc,  qui  aTait 


**  eu  la  meme  id^  il  y  a  plus  de  cent 
"ans;  et  <^ui,  de  plus,  ayait  d^crit 
"ayec  detail  les  moyens  ing^nieux 
'*dont  on  se  scrt  pour  obtenir  ces 
**  filamens ;  ce  m§me  astronome  paraft 
"aussi  s'dtre  occupy  le  premier  des 
''micrometres  qu'on  pent  tracer  sur 
**  yerre  ayec  la  pointe  d*un  diamant. 
"  — (Voyez  M^oires  de  I'Academie, 
"  1701.  p.  119  et  suivantes.)  "  /Bulle- 
'  tin  des  Sciences  par  la  Societe  Phi- 
'lomathique  de  Paris,'  annde  1814. 
Paris,  p.  SM. 
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candoiur  by  which  that  eminent  philosopher  has  always  \m 
honourably  distinguished,  **  examined  M.  de  la  Hire's  mht 
^  and  find  that  M.  Arago  is  perfectly  correct     This  brt 
^  therefore  deprives  you  and  me  of  all  original  merit  in  lb 
^  invention  of  the  principle,  although   you  were  as  HA 
"  acquainted  with  De  la  Hire's  labours  as  I  was  with  yoni 
**  The  idea,  however,  of  converting  it  into  a  general  nden- 
meter,  of  applying  it  to  the  divided  object-glass  (wfaiti  ii 
decidedly  its  best  form),  and  of  converting  a  Gregorian  or 
^  Cassigrainian  telescope  into  a  micrometer  without  anjaUi* 
^  tional  lens  or  mirror,  is  still  mine."  * 

In  the  volume  to  which  M.  Arago  refers,  M.  de  la  Or 
mentions  ('M^m.  de  TAcad.  des  Sciences'  for  1701,  p  128) 
that,  after  having  composed  his  memoir,  he  found,  in  tk 
History  of  the  Academy,  that  M.  Boemer  had  at  an  earlier 
date  proposed  a  micrometer  for  measuring  the  diameter  of 
stars,  with  a  moveable  object^lass.  But  the  idea  of  makiag 
the  micrometric  lines  either  concentric  circles  engraved  oa 
glass  with  a  diamond  point,  or,  if  rectilineal,  of  forming  tlieB 
of  threads  of  glass,  appears  to  have  originated  with  M.  de  k 
Hire ;  who,  in  another  memoir,  (*  Mem.  de  TAcad.'  for  1717, 
pp.  57-67),  explains  certain  inconveniences  which  he  eipe- 
rienced  from  such  a  micrometer  when  applied  to  asEtro* 
nomical  purposes,  which  led  him  to  abandon  its  use,  and  to 
suggest  yet  another  sort,  which  he  then  goes  on  to  describe 
particularly. 

In  the  same  volume  of  the  *  M6moires  de  TAcademie'  to 
which  we  have  last  referred,  but  in  another  part  of  it^  there 
is  contained  another  memoir  by  the  same  lecimed  and  inde- 
fatigable author,  in  wliich  he  says  that,  having  observed  that 
there  were  often  great  disputes  as  to  who  were  the  firrt 
inventors  of  the  micrometer  and  of  the  pendulum  clock,  he 
thought  it  desirable  to  record  the  result  of  his  own  exami- 
nation of  what  had  been  published  on  that  subject,  as  well  as 
of  the  private  knowledge  he  had  derived  from  the  oppo^ 
tunities  with  which  a  very  long  experience  and  his  intimacy 


♦  Sir  David  Brewster  to  Mr.  Watt,  December  12,  1816. 
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elder  philosophers  had  sapplied  him.    He  then  shows 

that  a  micrometer  with  a  fixed  virgula  was  employed  by 

Hnygens,  as  stated  in  his  book  on  the  'System  of  Satom/ 

printed  in  1659,  to  measure  the  diameter  of  the  planets ; — 

that  one  with  cross  silver  wires  was  nsed  by  the  Marquis 

Malvasia  previous  to  1662,  in  which  year  that  nobleman 

pablished  his  '  Ephemerides ;' — that  in  1666,  MM.  Aueout 

and  Ficard  published  their  account  of  a  much  more  exact 

and  convenient  instrument  nearly  of  the  same  kind,  in  which 

the  silver  wires  were  advantageously  exchanged  for  fine  silk 

threads,  or  hairs ;  and  he  therefore  attributes  to  Huygens  the 

original  invention,  which  had  since  been  progressively  brought 

nearer  to  perfection. 

M.  de  la  Hire  philosophically  remarks,  that,  as  almost  all 
that  is  most  curious  and  useful  in  science  and  the  arts, 
whether  liberal  or  mechanical,  has  not  at  first  been  invented 
gnch  as  we  now  possess  it,  but  has  attained  to  perfection  only 
by  slow  degrees  and  the  labour  of  difierent  hands,  it  is  very 
difficult  in  such  cases  duly  to  apportion  the  merit  of  the  dis- 
covery ;  and  he  aptly  illustrates  his  position  by  the  history  of 
the  invention  of  telescopes,  in  which  the  fbrst  step  appears  to 
have  been  quite  an  accidental  one,  while  subsequent  advances 
were  the  result  of  scientific  experiment  or  theory. 

To  M.  de  la  Hire's  honour  it  is  to  be  observed,  that  he  took 
all  possible  pains  to  record  the  contrivance  of  MM.  Auzout 
and  Picard  in  all  its  particulars ;  for  their  first  account  of  it, 
contained  in  a  letter  from  M.  Auzout  to  Mr.  Oldenburg, 
Secretary  to  the  Royal  Society  of  London,  which  was  printed 
in  a  separate  form  in  1667,  but  had  become  extremely  rare 
and  difficult  to  be  procured,  may  fairly  be  said  to  owe  its 
preservation  principally  to  him.  He  included  it  in  a  collec- 
tion of  treatises  on  various  subjects  in  mathematics,  astro- 
nomy, and  natural  philosophy,  by  difierent  academicians, 
which  was  printed  in  1693,  under  his  own  care.  That  edition 
of  the"  Collection  was  in  two  volumes  folio,  but  it  was  soon 
afterwards  reprinted  in  quarto,  in  which  form  it  is  probably 
better  known^  or  is  at  least  more  accessible  to  most  of  our 
readers,  being  a  portion  of  that  series  of  the  *  Memoires  de 
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'  rAcad^mie'  which  extends  from  1666  to  1699.  Thmtk 
paper  in  question,  with  an  illustrative  engraving,  will  be  fanl 
at  pp.  113-130  of  the  first  part  of  the  seventh  volume. 

But,  after  having  thus  done  justice  to  other  countrieB  n 
recording  the  share  which  they  took  in  the  invention  of  tk 
micrometer,  it  is  satisfactory  to  be  able  to  prove  on  undonhil 
authority  that  ultimately  the  priority  in  that  inventioD,  m 
highly  beneficial  to  astronomical  science,  and  **  the  aj^ilioir 
''  tion  of  which  first  gave  to  more  exact  graduation  its  peco- 
**  liar  and  indeed  inestimable  value,"  *  must  be  awarded  to 
England.  Sir  John  F.  W.  Herschel, — the  illustrious  sod  rf 
an  illustrious  sire, — ^has  well  pointed  out  that  "  the  honour  of 
'*  this  capital  improvement  has  been  successfidly  vindicated 
"  by  Derham  (*  PhiL  Trans.*  xxx.  603)  to  our  young,  talented, 
''  and  unfortunate  countryman  Gascoigne,  from  his  coii«> 
**  spondence  with  Crabtree  and  Horrockes,  in  his  (Derham'e) 
'*  possession.  The  passages  cited  by  Derliam  from  tbcM 
''  letters  leave  no  doubt  that,  so  early  as  1640,  Gascoigne 
had  applied  telescopes  to  his  quadrants  and  sextants,  irAi 
threads  in  the  common  focus  of  the  glasses,  and  had  eren 
**  carried  the  invention  so  far  as  to  illuminate  the  field  of 
"  view  by  artificial  light,  which  he  found  *  very  helpful  whea 
'^ '  the  moon  appeareth  not,  or  it  is  not  otherwise  light 
"  *  enough.'  These  inventions  were  freely  communicated  by 
*'  him  to  Crabtree,  and  through  him  to  his  firiend  Horrockefl^ 
''  the  pride  and  boast  of  British  astronomy ;  both  of  whom 
'^  expressed  their  unbounded  admiration  of  this  and  many 
^*  other  of  lus  delicate  and  admirable  improvements  in  the  ait 
of  observation.  Gascoigne,  however,  perished,  at  the  age 
of  twenty-three,  at  the  battle  of  Marston  Moor ;  and  the 
*^  premature  and  sudden  death  of  Horrockes,  at  a  yet  earlier 
"  age,  will  account  for  the  temporary  oblivion  of  the  inven- 
"  tion.  It  was  revived,  or  re-invented,  in  1667,  by  Picard 
**  and  Auzout  (Lalande,  *  Astron.'  2310),  after  which  its  use 
"  became  universal.  Morin,  even  earlier  than  Gascoigne,  (ia 
1635),  had  proposed  to  substitute  the  telescope  for  plain 
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*  Huniboldt  8  '  CoBmos,*  vol.  iii.  part  i.  p.  44,  vd.  1851. 
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•*  sights  ;  but  it  is  the  thread  or  wire  stretched  in  the  focus, 
•*  with  which  the  image  of  a  star  can  be  brought  to  exact 
**  coincidence,  which  gives  the  telescope  its  advantage  in 
**  practice ;  and  the  idea  of  this  does  not  seem  to  have  oc- 
**  curred  to  Morin.     (See  Lalande,  wfrf  mpra.)'^  * 

For  a  summary  of  the  dispute  as  to  the  invention  of 
prismatic  micrometers,  we  may  refer  our  readers  to  M. 
llathieu's  learned  note  on  Delambre  ('Histoire  de  TAstro- 
*  nomie  au  dix-huitifeme  Siicle,'  pp.  645-652,  ed.  1827).  There 
the  priority  is  attributed  to  Rochon,  who  presented  the  Aca- 
demy of  Sciences  with  a  description  and  a  specimen  of  that 
sort  of  instrument  in  January  and  February,  1777,  and  in 
April  following  reported  to  the  same  learned  body  the  mea- 
surements of  Mars,  of  Jupiter,  and  of  Saturn  with  his  ring, 
which  he  heA  obtained  by  its  aid. 

Maskelyne,  who,  in  December  1777,  presented  his  pris- 
matic micrometer  to  the  Royal  Society,  produced  an  attesta- 
tion by  DoUond  that  he  htid  constructed  it  for  him  in  the 
previous  year,  and  taken  it  to  the  Observatory  at  Greenwich 
in  August,  1776.t 

To  both  of  those  dates  Mr.  Watt's  invention  appears  to 
have  been  antecedent  by  several  years ;  although  of  it  we 
may  say,  as  M.  Mathieu  has  done  of  that  of  Eochon,  "  Get 
**  ing6nieux  instrument  ne  re^ut  pas,  dans  le  temps,  tout 
**  Taccueil  qu'il  mcSritait." 

"  The  Abbes  Boscovich,  Fontana,  Eochon,  Maskelyne," 
wrote  Dr.  Patrick  Wilson  J  to  Mr.  Watt,  in*  1778,  "  are  a  very 


♦  Sir  J.  F.  W.  Herschera  *  Treatiso 

*  on  Astronomy/  ed.  1S33,  p.  S6 ;  ed. 
1S49,  p.  92,  note.  Bee  also  Hum- 
boldt's *  Cosmos/  vol.  iii.  part  i.,  pp.  44, 
59,  64,  and  96,  ed.  1851. 

f  Bee  the  *  Philosophical  Transac- 

•  tions'  for  1777.  vol.  Ixvii.  pp.  799-813, 
Ac.    See  also  Boscovich  s  *Aocoimt 

*  of  a  new  Micrometer  and  Megame- 

•  ter/  ibidem,  pn.  789-798. 

X  Dr.  PatncK  Wilson  was  the  se- 
cond son  of  Dr.  Alexander  Wilson, 
celebrated  not  only  for  his  accurate 
and  ingenious  observations  on  the 
solar  spots,  but  also  for  having  in- 


troduced a  new  era  in  the  art  of  type- 
founding  in  this  country :  (see  Hum- 
boldt's *  Cosmos,'  vol.  ill.  pp.  273  and 
xcvi ;  •  Phil.  Trans.'  for  1774.  vol.  Ixiv. 

8>.  6-13 ;  Preface  to  the  Foulis 
omer,  vol.  i.  p.  viii;  and  the  in- 
teresting biographical  memoir  pub- 
lished in  Brewster's  *  Edinburgh  «lour- 
•nal  of  Science'  for  Jan.  1829.  pp. 
1-17.)  The  son  shared  largely  in  all 
his  father's  pursuits,  and  in  1786  be- 
came his  successor  in  the  astrono- 
mical professorship  at  Olasgow.  His^ 
aptness  for  philosophical  experiments 
was  mode  uivounibly  known  by  his 
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'^  creditable  jtnito  of  phflosophers,  who  are  at  ju'esent  dmng 
^  some  attention  as  inventors  of  a  prismatic  micrometer.  It 
^  fftther  and  I  feel  a  wish  of  seeing  your  name  added  to  thii 
^  band  of  improvers.  Your  invention,  though  very  little  knon 
"  was  several  years  prior  to  any  of  theirs.     If  you  choose  tk 
"•  assert  this  priority  by  any  publication,  it  will  give  us  grat 
"  pleasure  to  contribute  our  evidence  in  your  favour ;"— irf, 
to  the  same  effect,  and  at  the  same  time.  Dr.  W.  Irvine:— 
"  Pray  have  you  seen  the  last  volume  of  the  TranssctioM? 
'<  You  must  surely  know  that  it  contains  the  description  cf  i 
^  certain  micrometer,  that  shall  be  nameless,  made  by  ott 
"  J.  Watt  six  or  eight  years  ago,  and  wliich  has  been  ii 
"  Macfarlane's  Observatory  in  Glasgow  for  several  years  {•* 
"  Would  you  not  think  it  proper  that  the  said  J.  AVatt  ahooH 
"  claim  this  discovery  ?    And  as  the  authors  of  these  papen 
"  in  the  Transactions  have  brought  witnesses,  he  might  bring 
"  Dr.  Reid,  Dr.  Wilson,  Pat.  Wilson,  G.  Hamilton,  Ac.  ito 
^  are  ready  and  willing  to  attest  the  same,  and  who  m 
"  surely  as  respectable  as  Pat.  DoUond  and   Anbeit; 


paper  in  tlio  •Phil.  Trans.'  for  1781 
(vol.  Ixx.  p.  451).  entitleil  /  An  Ac- 

*  count  of  a  most  Extraordinary  De- 

*  gree  of  Cold  at  Glasgow  in  January 

*  mat ;  together  with  some  New  Ex- 

*  f>crinieuU  and  Observations  on  the 

*  Coniparativo  Teniperuture  of  Hoar- 

*  frost  and  tlie  Air  near  to  it,  made  at 

*  the  Macfarlane  01»8C'r\'atory  belong- 

*  ing  to  the  College  ; '  together  with 

*  Furtlier  Experiments  on  Cold/  &c. 
(Phil.  Trana.,  vol.  Ixxi.  p.  88G) ;  and 

*  Experiments  and  Obtiervutions  on  a 

*  remarka)>lo  Cold  which  accompanies 

*  the  8ei)aration  of  Hoar-frost  from  a 

*  clear  Air '  (Trans,  of  the  Royal  8o- 
eiety  of  Edinburgh  for  1788.  vol.  i., 
p.  146),  as  well  as  by  liiM  paper,  also 
published  in  the  *Phil.  Trans.'  (for 
1782,  voL  Ixxii.  p.  58),  proiMwing  an 

*  Experiment  for  determining,  by  tlie 

*  Aberration  of  tlie  Fixed  Stiirn,  whe- 

*  ther  the  Rays  of  Light,  in  ptnading 
'different  media,  chango   their  Ve- 

*  locity  according  to  tlie  law  which 

*  results  from  Sir  Isaac  Newton's  ideas 

*  concerning  the  cause  of  Refraction, 
*and  for  ascertaining  their  Velocity 
'  in  eTeiy  medinm  whose  refractive 


*  density  is  known.*     HkTiog  in  1799 
resigned  the  chair  of  Practical  Att*>> 
nomy  in  order  to  reside  nearLaDdoB,ii 
the  society  of  the  Uerschels  and  otba 
friends  distinguished  in  pnmiitf  coo* 
genial  to  his  own,  he  on  that  occsmiv 
**  as  a  mark  of  liis  high  rvgard  "  ii 
tlie  learned  body  "so  long  and  «o 
**  intimately  known   to   him,  aod  ia 
**  testimony  also  of  his  deiure  for  the 
"  f^iture  prospi 'rity   of  the  ofBcf  of 
"  Professor  of  l*nictical  Astroniimj  ia 
**tlie   said  Collegt*,   which  was  IM 
**  tilled  by  his  ever-honoured  fiitbe^" 
endowed  the  University  of  Glasgow 
witli  a  fund  of  considerate  amomti 
for  the  purpose  of  pnrcliasing  aetri^ 
uomical  books  and  apparatus,  as  well 
as  of  bestowing  occanonally  a  guM 
prize  medal  on  meritorious  stndenti 
of  his  favourite  science.     Dr.  Patrick 
WilHon  died  at  Kensington,  31st  De 
cember,   1811.      (8ee   *  Deeds  iofti- 
*tuting  Burearies,  Scholai^ips,  and 

*  other  Foundations  in  tlie  College 
*and  Uuiveraity  of  Glasgow.*  Pn- 
vately  printed  for  the  UniTenity. 
1850.    pp.  253-258.) 
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^  and  to  make  the  whole  still  stronger,  I  should  imagine  yon 
•'*  could  have  no  objection  to  join  in  the  attestation.  Yon 
«  may  perhaps  despise  such  unprofitable  inventions ;  but  to 
"  others  they  will  procure  fame,  and  perhaps  fortune." 

One  other  "  gimcrack,"  and  we  hare  done  with  the  long 
lirt  of  useful  and  ingenious  contrivances  with  which  it  had 
been  the  pleasure  of  the  great  engineer,  up  to  this  period,  to 
occupy  his  few  hours  of  leisure  ; — "  I  have  invented  a  draw- 
•*  ing-machine,"  he  says,*  "  the  board  horizontal,  the  index 
''  almost  as  long  as  you  please,  and  consequently  the  size  of 
^  the  picture  large ;  a  telescopic  sight ;  no  specula ;  the 
**  whole  being  performed  by  a  most  simple  joint.  When  the 
**  index  does  not  exceed  two  feet  long,  the  instrument  and 
apparatus  consist  of  a  box  14  inches  long,  1^  deep,  and  4^ 
inches  broad,  which  opened  is  the  drawing-board,  and  con* 
tains  the  apparatus,  except  a  light  wooden  tripod  head  for 
the  pocket,  and  a  staff  for  the  hand,  of  the  ordinary  size. 
By  help  of  this  machine  I  can  draw  from  an  eminence  a 
draught  of  level  grounds  that  shall  be  a  true  projection  of 
**  them,  and  shall  measure  by  a  scale  of  equal  parts.  It  also 
*  draws  all  kinds  of  perspective  draughts,  reduces  maps,  &c., 
^  the  board  being  always  horizontal,  whether  the  objects  be 
**  vertical  or  not." 

Within  a  fortnight,  however,  came  tliis  reversal  of  the 
verdict  thus  pronounced : — "  I  caused  to  be  made  a  part  of 
^  the  macliine  I  mentioned  in  my  last ;  it  has  only  one  fault, 
**  which  is,  that  it  will  not  do,  because  it  describes  conic 
**  sections  instead  of  right  Unes ;"  t  tuad  although  there  can 
be  no  doubt  that  by  a  little  further  labour  on  the  part  of 
the  inventor  this  difficulty  would  have  been  overcome,  yet 
events  of  more  importance  soon  occurred,  which  seem  to 
have  put  a  stop  to  the  career  of  "  gimcracks,"  in  which  he 
and  his  friend  Small  had  so  long  and  cheerfully  been  running 
a  race  together,  and  which  led  the  latter  to  remark  to  his 
friend, — **  You  might  live  by  inventing  only  an  hour  in  a 
**  week  for  mathematical-instrument-makers." 


*€ 
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•  To  Dr.  Small.  11  December,  1773.  t  24  December.  1773. 
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The  termination  of  Mr.  Watt's  labours  as  a  ciTil  engJMi  |iklt 
was  an  abrupt  one,  accompanied — and  indeed  in  somei* 
sure  caused — by  a  melancholy  event.     Having  been  mdderif 
recalled  from  his  survey  of  the  Caledonian  Canal  in  tb 
autumn  of  1773  by  the  intelligence  of  the  dangerons  \Sami 
his  wife,  he  had  the  deep  grief  of  finding  on  his  return  kM 
that  she  had  died,  after  having  given  birth  to  a  8titt4Ml 
child.     Mrs.  Watt  is  described  as  having  been  a  very  amkUi 
person,  whose  gentle  counsels  and  uniform  good  temper  U 
often  sustained  her  husband's  hopes  and  animated  bis  a* 
ertions,  under  the   depressing  circumstances  of  indifferal 
health,  narrow  means,   and  variable  and  often  despon^ 
spirits ;  from  all  of  which  he  then  suffered  in  no  ordimi} 
degree.     By  relieving  his  mind  as  far  as  possible  of  odMi 
care,  and  thus  affording  it  the  undisturbed  leisure  required 
for  study  and  exertion  in  lus  various  pursuits,  she  might  eva 
be  said  to  have  been  of  material,  though,  of  course,  subsidiaiy 
service  to  him  in  the  progress  of  his  great  inventioa   Sta 
earnestly  encouraged  the  hopes  which  he  founded  upon  it; 
and  even  when  these  seemed  for  a  time  to  be  quite  oter 
thrown,  her  buoyant  spirits  did  not  sink,  nor  did  her  cheerinl 
faith  fail ;  but  she  wrote  to  him  with  truly  feminine  fortitude, 
— "  I  beg  you  would  not  make  yourself  uneasy,  though  things 
"  should  not  succeed  to  your  wish.     If  it*'  [the  new  steam- 
engine]  "  mil  not  do^  something  else  mil.     Never  despair.'*  • 
The  few  years,"  says  Miss  Campbell,  "  of  his  union  with 

Miss  Miller  passed  in  uninterrupted  domestic  happiness.  Of 

her  untimely  death,  and  the  beautiful  composure  of  mind, 
"  and  affecting  tenderness  for  her  husband  and  children,  thit 
"  she  displayed  in  her  last  moments,  my  mother  never  could 
"  speak  without  tears/* 

The  agony  of  grief  which  he  suffered  on  losing  so  judicioos, 
so  beloved,  and  so  faithful  a  friend,  sufficiently  appears  ftom 
those  of  his  letters  of  that  date  wliich  have  been  preserved; 
although  some  others,  it  is  to  be  regretted,  appear  to  have 
been  lost  or  destroyed,  probably  in  consequence  of  containing 

*  August  9, 1768. 
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no  allusion  to  anything  but  his  private  sorrow.  Of  one,  which 
surviyes  only  in  the  form  of  an  undated  fragment,  addressed 
to  Dr.  Small,  but  evidently  belonging  to  tlie  period  in  ques- 
tion, the  expressions  are  gloomy  indeed ; — more  so,  happily, 
than  the  habitual  resignation  of  its  writer  to  the  will  of  the 
Supreme  Disposer  of  all  events  seems  ever  to  have  permitted 
him  to  repeat  "  Let  us,"  he  writes,  "  rejoice  in  our  youth, 
"  for  ago  is  dark  and  unlovely,  and  in  the  silent  grave  there 
"  is  no  joy,  at  least  that  we  know  of; — vive,  et  vale."  And 
again : — "  You  are  happy.  Small,  that  have  no  siich  con- 
"  nection.  Yet  this  misfortune  might  have  fallen  upon  me 
"  when  I  had  less  ability  to  bear  it,  and  my  poor  children 
"  might  have  been  left  suppliants  to  the  mercy  of  the  wide 
"  world.  I  know  that  grief  has  its  period  ;  but  I  have  much 
"  to  suJSer  first.  I  grieve  for  myself,  not  for  my  friend ;  for 
"  if  probity,  charity,  and  duty  to  her  family  can  entitle  her 
"  to  a  better  state,  she  enjoys  it.  I  am  left  to  mourn.  *  * 
"  Let  me  leave  this  tale  of  woe." 

"  Would  that  I  might  here  transcribe,"  said  Arago,  "  in  all 
"  their  simple  beauty,  some  lines  of  the  journal  in  wliich  he 
"  daily  recorded  his  inmost  thoughts,  his  fears,  liis  hopes ! 
"  Would  that  you  could  see  liim,  after  this  heavy  affliction, 
"  pausing  on  the  threshold  of  that  liome,  where  *  his  kind 
"*WELCOMEr'  awaited  him  no  more;  unable  to  summon 
"  courage  to  enter  those  rooms,  where  ho  was  never  more  to 
•*  meet  *  the  comfort  of  his  life  !  *  " 

Of  the  four  children  who  were  the  issue  of  Mr.  Watt's 
marriage  with  Miss  Miller,  two  died  in  infancy ;  one  daughter 
married  a  Mr.  MiUer  of  Glasgow,  but  died  early,  leaving  issue 
a  son  and  two  daughters,  (now  all  dead,  the  daughters  having 
left  issue) ;  and  the  only  son  of  that  family  who  attained 
manhood  was  the  late  Mr.  James  Watt,  of  Aston  Hall,  who 
long  survived  his  father  as  his  respected  representative,  and 
died,  unmarried,  in  1848. 
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CHAPTER  XVII. 

DEPRESSION  OF   SPIRITS  —  INSOLVENCY  OF    DR.   ROEBUCK  —  FOmtW 

PARTNERSHIP    W^TH    MR.   BOULTON TRANSFERENCE   OF  THl  W* 

OINB  TO  SOeO  —  PROLONGATION  OF  PATENT  OF  1769  — D^W 
SMALL  —  NOTICES  OF  HIS  LIFB,  TALENTS,  AND  VIRTUES -» 
AND  PROSPECTS  OF  THE  NEW  MANUFACTORY  —  ARTiaES  W 
NERSHIP. 

This  last  most  grievous  calamity  put  the  finishing  si 
the  lon^  series  of  adverse  circumstances  by  wWd 
had  been  oppressed.  For  years  previously  he  hi 
plained  of  frequent  violent  headaches,  and  almost 
bad  health ;  of  what  he  called  laziness,  stupefaction, 
fusion  of  ide£is,  which  no  doubt  meant  the  mental 
arising  from  severe  and  anxious  over-exertion ;  of  th 
ness  of  the  employment  of  land-eurveying,  to  whic 
then  become  a  slave  ;  of  Iiis  detestation  of  making 
or  settling  accounts,  or  forcing  workmen  to  do  their 
that  *'  I  greatly  doubt,"  he  says  in  1770,  "  whether 
"  mansions  of  the  grave  be  not  the  happiest  abodes.' 
"  heart-sick  of  this  country,"  he  writes,  after  the  1 
wife,  to  his  sympathising  friend  Dr.  Small,  "  I  an 
"  to  excess,  and,  what  alarms  me  most,  I  grow  the  1 
"  stupider.  My  memory  fails  me  so  as  often  totall} 
"  occurrences  of  no  very  ancient  dates.  I  see  m 
"  demned  to  a  life  of  business ;  nothing  can  be  more 
"  able  to  me ;  I  tremble  when  I  hear  the  name  of 
"  have  any  transactions  to  settle  with.  The  ei 
"  business  is  not  a  vigorous  plant  here ;  w^e  are  i 
"  very  poorly  paid.  This  last  year  my  whole  gai 
"  exceed  200/.,  though  some  people  have  paid  me 
"  teelly.  There  are  also  many  disagreeable  circur 
"  cannot  write ;  in  short  I  must,  as  far  as  I  see,  cl 
"  abode.     There  are  two  things  which  occur  to  me 
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"  try  England,  or  endeavour  to  get  some  lucrative  place 
"  abroad ;  but  I  doubt  my  interest  for  the  latter.  What  I 
"  am  fittest  for  is  a  survcjing  engineer.  Is  there  any  business 
"  in  that  way  ?"  And,  about  the  same  time,  it  appears  that 
Dr.  Roebuck  had  mentioned  Mr.  Watt  having  had  an  inten- 
tion of  passing  the  ^^inter  in  France ;  to  escape,  doubtless, 
from  the  sorrowfiil  associations  that  now  pressed  uix)n  him  in 
his  own  country. 

These  circumstances  all  concurred  with  the  disastrous  state 
of  affairs  at  Borrowstoness  and  Kinneil,  to  hasten  the  final 
settlement  of  tlie  agreement  with  JFr.  Boulton  and  Dr.  Small. 
But  it  was  now  evident,  since  Boebuek  had  become  insolvent, 
and  therefore  unable  to  be  any  longer  a  partner  in  the  pro- 
posed manufacture,  that  instead  of  one-half  of  his  two-thirds 
of  the  patent  of  the  engine,  or  one-third  of  the  whole  patent, 
as  originally  intended  when  that  agreement  was  entered  into 
in  1769,  the  whole  of  liis  interest  would  iiave  to  be  purchased 
from  liim  or  his  creditors.  We  have  already  seen  that 
Boulton  and  Small  were  not  more  desirous  of  l)enefiting 
Watt,  than  Watt  was  of  benefiting  Roebuck ;  and  also,  that 
although  all  four  were  anxious  to  see  the  engine  prosecuttKl 
to  completion,  and  its  merits  tested  by  actual  performance  on 
a  great  scale,  none  of  them,  (and,  least  of  all,  the  inventor), 
estimated  the  invention,  as  tlien  attempted  to  be  carried 
out,  as  of  any  very  high  pecuniary  value.  In  this  view,  it 
fortunately  happened,  that  Roebuck's  creditors  most  fully 
concurred ;  **  none  of  his  creditors,"  writes  Watt  to  Small,* 
"  value  the  engine  at  a  farthing ;"  and  this  uncomplimentary 
estimate, — at  which  we  now  so  well  may  marvel,  and  the  cre- 
ditors might  so(m  afterwartls  have  mourned, — was  really  of 
the  greatest  service  in  hastening  the  progi'ess  of  the  transfer- 
ence of  the  projierty. 

On  terms  satisfactory  at  tlie  time  to  Dr.  Roebuck,  and 
which  consisted  in  part  at  least  of  Mr.  Boulton  releasing 
him  from  a  debt  of  G30Z.  due  to  him  by  the  Doctor,  and 
of  the  pajTnent  by  Mr.  Boulton  of  a  furtlier  sum  of  1000/., 


♦  2.5  Julv,  1773. 
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this  transference  at  last  took  place,  to  Mr.  Boolton  iIok; 
Dr.  Small  haTing  by  that  time  otherwise  engaged  all  ofla 
ayailable  fdnds.  The  1000/.  paid  were  to  be  the  first  lOQK 
of  profit,  (without  repayment  of  any  already  sank),  M 
might  arise  after  the  commencement  of  the  partnenldfd 
Boulton  and  Watt  And  in  1773  Mr.  Watt  and  Dr.  BoeW 
executed  a  mutual  discharge,  which,  as  an  interesting  doei 
ment  in  the  history  of  the  modem  steam-engine,  ve  di 
here  give  entire : — 

"In  the  year  1767,  Doctor  John  Eoebuck  at  Kim 
"  entered  into  partnership  with  James  Watt  at  Glasgow, 
"  verify  and  carry  into  practice  an  improveil  fire^ng 
"  invented  by  the  said  James  Watt  Doctor  Ri.  ^buck  iw 
•*  pay  a  debt  of  lOOOZ.  incurred  by  the  said  James  Wati 
"  making  the  experiments  tending  to  the  invention  of 
**  engine,  and  also  to  pay  the  expense  of  the  patent 
"  further  experiments. 

"  James  Watt  was  to  attend  and  conduct  the  exi)eriin€ 
"  and  assigned  to  the  Doctor  two-thirds  of  the  property  of 
*'  said  invention,  retaining  one-third  for  his  own  use. 

"Dr.  Roebuck  has  paid  the  thousand  {X)unds,  but 
"  expense  of  the  other  things  has  been  principally  pak 
"  James  Watt. 

"In  consideration  of  the  mutual  friendship  siibsfc 
"  between  Dr.  Roebuck  and  myself,  and  because  I  think 
"  thousand  pounds  he  has  paid  more  than  the  value  of 
"  property  of  the  two-thirds  of  the  inventions,  I  hereby 
"  upon  myself  all  other  sums  I  have  laid  out  or  paid  ujx 
"  also  all  other  debts  I  have  contracted  upon  that  1 
"  relieving  the  Doctor  from  the  same,  and  meaning  tl 
**  an  absolute  discharge  for  all  sums  he  may  have  been  o 
"  mo  before  this  date. 

"Kiimcil,  May  17tli.  1773."  "  JamES  Wa' 

"  Having  examined  the  above  narration  of  facts,  I  acl 
"  lodge  the  same  to  be  just,  and  hereby  discharge 
"  account. 

••  Kinncil,  May  17.  1773.  *  "  J^^^  ROEBC 
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Thus,  in  the  summer  of  1773,  Sir.  Watt  foimd  himself  at 
liberty  to  remove  from  Kiimoil,  where  they  had  long  been 
lying  useless,  and  "  perishing  "  from  "  long  exposure  to  tho 
"  injuries  of  tho  weather,"  the  iron  works,  cylinder,  and  pump, 
of  the  condensing  engine  partly  erected  there  three  years 
before.  Those  "  disjecta  membra  "  were  then  packed  up  and 
sent  off  to  Soho,  where  a  boiler  was  awaiting  them,  destined 
to  inspire  them  with  new  life  and  movement ;  but  it  was  not 
till  after  another  year  that  they  were  followed  by  Mr.  Watt, 
who  had  in  the  interval  made  his  sur\^'y  for  the  Caledonian 
Canal,  and  hod  suflered  the  loss,  in  wliich  it  so  dismally  ter- 
minated, of  his  much-loved  wife. 
Early  in  April  1774,  he  writes  to  Dr.  Small,  "  I  begin 
now  to  see  daylight  through  the  affairs  that  have  detained 
me  so  long,  and  tliink  of  setting  out  for  you  in  a  fortnight 
at  furthest ;" — and,  early  in  May,  "  I  have  persuaded  my 
*'  friend  Dr.  Hutton,  the  famous  fossil  philosoi)her,  to  mako 
"  the  jaunt  with  me,  and  there  are  some  hopes  of  Dr.  Black's 
"  coming  also."  The  next  four  or  five  months  were  passed  in 
continuous  though  still  partially  futile  attempts  to  construct 
a  satisfactory  wheel-engine,  and  in  more  successful  ones  to 
make  the  condensing  engine  do  some  good  work.  By  the  end 
of  October,  Mr.  Watt  was  able  to  send  his  friend  lioebuck 
such  a  report  of  the  latter,  that  ].)r.  li.  replied,*  "  You  have 
"  now  effectually  established  the  justness  of  the  principles  on 
"  which  your  machine  is  constructed,  and  the  generous  and 
"  spirited  gentleman  you  are  conne(!ted  with  will  never  suffer 
"  it  to  fail  for  want  of  exertion  to  carry  it  into  execution." 
He  was  also  able  to  cheer  the  heart  of  his  aged  father,  in  his 
lonely  home  at  Greenock,  by  writing  to  him,  from  IHrming- 
ham,t  "  the  business  I  am  here  about  has  turned  out  rather 
"  successful,  that  is  to  say,  that  the  fire-engine  I  have  invented 
"  is  now  going,  and  answers  much  better  than  any  other  that 
"  has  yet  been  made ;  and  I  expect  that  the  invention  will  bo 
"  very  beneficial  to  me." 

The  comfortable  results  which  led  to  these  improved  hopes, 

•  12  Novt'UjUr,  1774.  t  H  December,  1774. 
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had  been  obtained,  it  must  be  recollected,  with  a 
made  at  Carron  so  fieu-  back  as  1766,  and  not  Tery  tnl 
bored,  although  the  best  which  that  manufactory  could  ti 
out  at  that  time;  and  Carron  had  the  best  boring-]mQ,i 
cannon  and  the  cylinders  of  the  old  sort  of  steam-enp 
then  known.  "  It  was  only  intended,"  says  Mr.  Farey,  ** 
**  boring  cannon ;    but  they  bored  barrels  [of  pumps]  i 

cylinders  [for  atmospheric  engines]  by  it  occasionally. 

the  course  of  a  few  years,  this  mill  proved  too  small 
^  execute  the  work  which  their  trade  required,  and  in  1 
"  Mr.  Smeaton  made  them  an  entire  new  boring-mill 
"  guns,  and  another  for  cylinders."  * 

But  ]\Ir.  Boulton,  encouraged  by  the  favourable  ra 
already  obtained,  applied,  early  in  1775,  for  a  better  cylin 
to  Mr.  John  Wilkinson,  an  eminent  iron-founder  at  Beis 
near  Chester,  who  at  that  very  time,  probably  in  conseqn 
of  the  great  demand  he  saw  reason  to  beliere  would  aiw 
cylinders  bored  with  exact  truth  throughout,  introdnot 
new  boring-machine  which  was  an  infinite  improvement 
the  old  one.  '*  In  the  old  method,"  says  the  same  acci 
author  whom  we  have  last  quoted,  "  the  borer  for  cutting 

metal  was  not  guided  in  its  progress,  and  therefore  folic 

the  incorrect  form  given  to  the  cylinder  in  casting  it 
"  was  scarcely  insured  that  every  part  of  tho  cylinder  ah 
"  be  circular ;  and  there  was  no  certainty  that  the  cyli 
*'  would  be  straight.  This  method  was  thought  sufficien 
"  old  engines,  but  Mr.  Watt's  engines  required  gn 
"  precision. 

"Mr.  Wilkinson's  machine,  which  is  now  the  com 
"  boring-machine,  has  a  straight  central  bar  of  great  strei 
"  whict  occupies  the  central  axis  of  the  cylinder,  during 
"  operation  of  boring ;  and  the  borer,  or  cutting  instmn 
"  is  accurately  fitted  to  slide  along  this  bar,  which,  \ 
"  made  perfectly  straight,  serves  as  a  sort  of  ruler,  to  gi 
"  rectilinear  direction  to  the  borer  in  its  progress,  so  i 
"  produce  a  cylinder  equally  straight  in  the  length,  and 

•  Farcy,  Troatbo  on  tho  Stoani-engine,'  1S27,  p.  2ai, 
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cular  in  the  circumference.     This  method  insures  all  the 

*  iM3Curacy  the  subject  is  capable  of;  for,  if  the  cylinder  is 

*  cast  ever  so  crooked,  the  machines  will  bore  it  straight  and 
•true,  provided  there  is  metal  enough  to  form  the  required 

*  cylinder,  by  cutting  away  the  superfluities."  * 

Buty  notwithstanding  the  improved  cylinder,  and  those 
iflier  aids  of  mechanism  which  could  then  be  derived  from 
he  workshops  of  Soho  and  Birmingham,  it  was  very  evident 
liat  a  long  series  of  experimental  trials  was  still  requisite 
lefore  the  engine  could  be  brought  to  such  perfection  as  to 
lender  it  universally  available  to  the  public,  and,  therefore, 
urofitable  to  its  manufacturers.  In  January  1775,  six  years 
xf  the  period  named  in  the  Letters  Patent  had  already 
ncpired;  and  there  seemed  every  probability  of  the  eight 
liat  remained  proving  only  sufficient  to  admit  of  a  great 
mtlay  of  labour,  talent,  and  money,  for  the  benefit  of  others 
who  had  exerted  no  ingenuity,  incurred  no  risk,  and  displayed 
no  perseverance. 

The  eminent  counsel  whom  Mr.  Watt  consulted,  suggested 
the  surrendering  up  of  the  patent,  and  did  not  doubt  that  a 
new  one  would  then  be  issued,  granting  the  exclusive  privi- 
lege anew  from  its  date.  Other  friends  recommended  that 
ui  application  should  be  made  for  an  Act  of  Parliament 
extending  the,  time  allowed  by  the  first  patent,  and  this  was 
the  course  which  it  was  finally  determined  should  be  taken. 
The  application  met,  rather  unexpectedly,  with  very  strong 
opposition,  to  which  the  greaf  oratorical  powers  of  "the 
"  immortal  Burke  "  gave  a  dangerous  importance.  He,  it  is 
believed,  was  influenced  by  what  he  conceived  to  be,  or  what 
were  represented  to  him  to  be,  the  claims  of  a  constituent, 
and  not  by  any  more  unworthy  feeling  of  hostility  to  either 
Mr.  Watt  or  his  patent ;  but  nevertheless  he  was  led  to  sup- 
port with  all  the  power  of  his  great  name  what  he  probably 
would  afterwards  have  confessed  to  be  a  measure  of  gross 
injustice.  Happily,  the  eloquence  of  himself,  and  the  influ- 
ence of  his  associates,  failed  of  their  intended  eflfect ;  and,  on 


♦  Farcy,  p.  326. 
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the  8th  of  May,  1775,  Mr.  Watt  had  the  pleasure  oi 

to  write  to  his  father,  from  London,  the  following  letter:* 

^  Dear  Father, — After  a  series  of  various  and  violent  off^ 
"  sition,  I  hare  at  last  got  an  Act  of  Parliament  yestiiigfti 
*^  property  of  my  new  fire-engines   in  me  and  my  aaipi^ 
**  throughout  Great  Britain  and  the  Plantations,  for  tmfy 
"  five  years  to  come,  which  I  hope  will  be  very  benefidilti 
'^  me,  as  there  is  already  considerable  demand  for  them. 

*^  This  afiair  has  been  attended  with  great  expense  lii 
'*  anxiety,  and  without  many  friends  of  great  interest  I  AM 
"  never  have  been  able  to  c€«Ty  it  tlirough,  as  many  of  Ai 

most  powerful  people  in  the  House  of  Commons  oppowdiL 
"  It  has  been  in  Parliament  ever  since  the  22nd  of  Febrnin^ 

which  is  a  very  long  time  to  be  kept  in  suspense. 
I  shall  be  obliged  to  stay  here  a  few  days  longer,  likff 
^^  which  I  return  to  Birmingham  to  set  about  making  sow 
**  engines  that  are  ordered ;  after  which  I  intend  to  giw 
**  myself  the  happiness  of  seeing  you  and  the  dear  childniL 
"  *  *  My  warmest  wishes  and  affection  ever  attend  joo; 
"  may  God  render  your  age  comfortable  is  the  prayer  of  yoor 
"  ever  affectionate  and  dutiful  son,  James  Watt." 

But  while  this  affair  was  pending,  and  Mr.  Watt  was  absent 
in  London  attending  to  it,  another  heavy  blow  had  fallen  npon 
him.  This  was,  the  death  of  Dr.  Small ;  the  faithful  and  affe^ 
tionate  friend  who  had  so  long  encouraged  him  in  despond- 
ency, consoled  him  in  misfortune,  and  aided  liim  in  attainii^ 
to  the  comparative  prosperity  which  was  now  at  last  begin- 
ning to  dawn  upon  him.  "  The  last  scene,"  feelingly  writa 
Mr.  Boulton  to  him  in  London,*  "  is  just  closed ;  the  curtain 
is  fallen,  and  I  have  this  evening  bid  adieu  to  our  once 
good  and  virtuous  friend,  for  ever  and  for  ever.  If  there 
"  were  not  a  few  other  objects  yet  remaining  for  me  to 
"  settle  my  affections  upon,  I  should  wish  also  to  take  up 
"  my  lodgings  in  the  mansions  of  the  dead."  "  To  pretend 
"  to  offer  you  consolation,"  is  Mr.  Watt's  reply,  "  imder  the 
"  weight  of  your  present  sorrow,  I  know  to  be  in  vain.    I 

*  [25  February.  1775.] 
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"  only  beg  leave  to  repeat  to  you  the  sentiments  which  that 
"  dear  friend  we  lament  expressed  to  me  upon  a  similar  ocea- 
"  sion.  It  is  our  duty  as  soon  as  possible  to  drive  troni  our 
minds  every  idea  that  gives  us  pain,  particularly  in  cases 
like  this,  where  our  grief  can  avail  nothing.  Kemember, 
my  dear  Sir,  that  our  friend  enjoys  that  repose  he  so  much 
desired ;  and  wo  ought  not  to  be  so  selfish  as  to  render  our- 
selves unhappy  by  the  perpetual  recollection  of  our  own 
misfortune,  however  great  we  may  think  it,  for  it  is  also 
irreparable  and  was  inevitable."  *  ♦  «  Come,  my  dear 
"  Sir,  and  immerse  yourself  in  this  sea  of  business  as  soon  as 
possible,  and  do  not  add  to  the  griefs  of  your  friends  by 
giving  way  to  the  tide  of  sorrow.  I  again  repeat  that  it  is 
your  duty  to  cheer  up  your  mind  and  to  pay  a  proper 
"  respect  to  your  friend  by  obeying  his  precepts.  I  wait  for 
"  you  with  impatience,  and  assure  yourself  no  endeavour  of 
"  mine  shall  be  wanting  to  render  life  agreeable  to  you." 
"  We  have  lost  a  most  valuable  friend,"  wTites  Dr.  Roebuck 
on  the  same  occasion,  "  a  gentleman  of  extensive  knowledge 
**  and  learning." 

Of  Dr.  William  Small,  whose  family  name  is,  perhaps,  best 
known  in  the  annals  of  science  by  his  brother  Dr.  llobert 
SmalFs  learned  *  Account  of  the  Astronomical  Discoveries  of 
*  Kepler,*  we  have  few  particulars  to  record  beyond  those  which 
his  correspondence  with  Mr.  Watt  supplies.  But  his  early  death 
has  been  commemorated  and  lamented  by  the  pens  of  Keir, 
of  Day,  and  of  Darwin ;  and  all  the  scattered  notices  that  we 
have  been  able  to  collect  attest  the  greatness  of  his  talents 
and  his  worth.  A  native  of  Scotland,  he  was  born  in  1734  at 
Carmylie  in  the  county  of  Angus,  of  which  parish  his  father 
was  minister  ;  one  of  his  ancestors  being  Mr.  Thomas  Small 
of  Corrihall,  whoso  armorial  bearings  were  registered  in  the 
Lyon  Office  about  1680.  Having  been  appointed  Professor 
of  mathematics  and  natural  philosophy  in  the  college  of 
Williamsburgli  in  Virginia,  he  settled  there  for  some  years, 
and  practised  with  great  success  as  a  physician ;  but  com- 
ing home  on  account  of  his  health  and  some  business,  he 
**  preferred  settling  at  home  to  returning  to  Virginia,  as  he 
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^^<neyer  kept  his  health  there."     He  was  introdaced  to  lb 
Boulton  in  1763, — (the  year,  we  need  scarcely  repeat  iniUk 
Mr.  Watt  made  his  memorable   discoyery  of  the  sepniii 
condenser), — by  a  letter  from  no  less  eminent  a  peisontki 
Benjamin  Franklin ;  in  which  he  is  described  as  "  one  ^ 
''  is  both  an  ingenious  philosopher,  and  a  most  worthy,  hoMA 
^  man ;"  and  Lord  Brougham  has  mentioned  that  he  waalb 
instructor  in  mathematics  of  the  celebrated  Thomas  Jeffenoii* 
''  He  is,"  adds  another  of  Ins  friends  in  writing  from  Loola 
to   Mr.  Boulton,   to   announce  his   arrival  in  England,  *i 
"  gentleman  of  great  worth,  integrity,  and  honour;  aolil 
''  the  way  of  his  profession  he  has  the  best  reeommendatni 
'^  of  our  most  eminent  physicians  here."     To  the  same  dU 
is  Mr.  Keir's  account  of  him,  as  "  a  gentleman  of  veiyW' 
'*  common  merit,"  possessed  of  singular  accuracy  of  ite 
and  great  acquaintance  with  men  and  things;  ^'  who^tofti 
*'  most  extensive,   various,  and  accurate  knowledge  in  tte 
''  sciences,  in  literature,  and  in  life,  joined  engaging  mannaii 
"  a  most  exact  conduct,  a  liberality  of  sentiment,  and  a 
"  enlightened  humanity ;  being  a  great  master  in  the  end 
"  sciences,  and  seeming  to  carry  tlieir  regularity  and  preoM 
"  into  liis  reasonings  and  opinions  on  all  other  subjed&'t 
And  in  a  MS.  note  on  our  copy  of  the  work  from  which  oir 
last  quotation  is   taken,    and  which   was    presented  by  to 

autlior  to  Mr.  Seward,  its  former  possessor  has  added : **He 

*'  had,  I  tliink,  the  greatest  variety,  as  well  as  the  graMt 
"  accuracy  of  knowledge,  that  I  have  ever  met  with  in  any 
"  one  man." 

It  does  not  exactly  appear  whether  Mr.  Watt  had  ever  met 
him  previous  to  their  acquaintance  at  Birmingham  and  Soho 
in  1707;  but  in  age  they  were  nearly  coevals,  and  their 
coiTe8i)ondeuce  sliows  how  entire  was  their  community  rf 
sentiment,  and  how  similar  the  course  of  their  favourite  po' 
suits. 

The  happy  companionship  of  which  Mr.  Watt's  new  asao- 


♦  LordBroupham'sIiivcHof  States-  t  Koir's  'Account  of  the  Ijf^ud 
men,  vol.  ii.  Series  111.,  p.  53,  cd.  *  Writiiigrs  of  Thomas  Day  En^' 
1845.  1701.  p.  Ill,  note. 
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ciation  opened  up  a  prospect  to  those  congenial  spirits,  was, 
alas !  but  too  evanescent.  In  many  of  Dr.  Smjill's  letters  he 
complains  of  feelino:s  of  languor  and  melancholy,  wliich  be- 
tokened an  undue  failure  of  vigorous  health:  "7u7  adnurari/* 
says  Mr.  Keir,  "  was  his  favourite  motto ;  which,  however,  he 
"  afterwariLs,  as  his  hoaltli  and  spirits  declined,  changed  to 
**  one  of  a  darker  cast,  /x-n  f 'uva«,  the  two  first  words  of  a  line 
"  of  Euripides,*  expressing  that  it  would  have  been  better 
*'  not  to  have  been  bom."  ** The  emiui  mortel"  says  Dr.  S. 
in  1773,  **  has  totally  ruined  mo  for  an  experimental  philo- 
"  sopher.  *  *  I  flatter  myself  that  I  shall  soon  be  *  pulvis 
"  *  et  umbra/  and  fold  my  arms  to  sleep.  Who  will  call  mo 
"  projector  now  ? "  '*  I  am  exceedingly  happy  to  find  you 
"  talk  of  coming  liither.  I  shall  be  j)resorved  one  year  longer 
"  at  least  from  this  lethargy,  which  must  at  last  compose  mo 
"  for  ever."  "  In  my  whole  life  I  have  never  experienced  so 
"  long  a  fit  of  languor  as  I  am  now  in,"  &c.  &c.  And  the 
same  spring  which  was  to  witness  the  triumphant  passing  of 
the  Act  of  Parliament  extending  the  duration  of  the  patent 
of  1769,  beheld  the  languishing  illness  and  premature  death 
of  that  able,  zealous,  and  amiable*  friend,  whose  exertions  had 
80  greatly  contribut^nl  to  tlu*  establishment  of  the  Soho 
steam-engine  ]>artnership.  Early  in  1775  he  was  seized 
with  the  symptoms  of  an  ague  to  which  he  had  previously 
been  subject,  and  which  did  not  at  first  api)ear  to  threaten 
an  illness  of  more  tlian  common  severity ;  but  the  disease 
proved  to  be  a  continued  fever,  which,  notwithstanding 
every  aid  of  medical  skill,  terminated  fatally.  He  died 
on  the  25th  of  Februaiy,  having  remained  sensible  to  the 


*  Not  from  tlio  cclcibrutcd  siKfch  of  JuMon  in  the  Medea — 

*'  Act  fi    un  ioiKt,  fir}  KOKOV  (ftvvai  Acyfiv," — 

Eur.  Mrd..  1.  522. 
but  from  one  of  tlio  fragments  of  the  BrUrroplion — 

"  'Kyit  rb  firt^  Sri  vavTa\ov  0pvX\ovfifvov 
"  Kparnirov  eutu  4*Viii,  ftri  tttvitu  ^portp." 

Kur.  Fr.i«j^m.  JJflliTnjih.,  xvi.  2  ;  vol.  ii. 
J).  1:32,  (;(l.  Lips.,  177y. 

It  win  lio  Horn  that  IVIr.  Koir,  when  ho  placed  the  wordd  first  in  the  Hue, 
evidently  spoke  without  referring  to  hid  author. 
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last,  and  almost  to  the  last  haying  entertained  hopes  o(1i 
own  recovery.  At  the  time  of  his  decease,  ilr.  Watt  was  n 
avoidably  absent,  at  Broseley  in  Sliropshire,  on  busineas  eo 
nected  with  the  engine;  but  Dr.  Ash  and  Dr.Darrin,ii 
both  of  whom  Dr.  Small  had  always  lived  on  tenns  cf  t 
greatest  intimacy,  Mr.  Boulton,  Mr.  Keir,  and  other  attid 
friends,  constantly  attended  him  in  his  last  illness. 

]\Ir.  Keir  has  regretted,  to  a  certain  extent  not  wM 
reason,  tliat  '^  Dr.  Small,  altliough  possessed  of  Yarioos 
^'  eminent  talents  to  instruct  mankind,  has  left  no 
"  behind  of  all  tliat  store  of  knowledge  and  observatioii) 
''  ]ie  ]iad  ac*quired,  and  from  which  his  friends  never  let 
"  without  drawing  fresh  information."  But  the  paneg 
not  small  which  he  pronounces,  when  he  adds; — ^"B 
"  only  in  the  memory  of  those  friends  who  knew  bis 
*'  and  of  the  poor,  whom  his  humane  skill  was  ever  le 
"  rescue  from  disease  and  pain."  "  It  is  needless^"  wri 
same  gentleman  in  announcing  his  death  to  his  faroti 
Rev.  Eobert  Small  of  Dundee,  "  to  say  how  univeraall 
"  lamented  ;  for  no  man  ever  enjoyed  or  deserved  m 
*'  esteem  of  mankind.  Mr.  Boulton  and  myself  wl 
"  more  particularly  blest  with  his  intimacy  and  fik 
**  are  struck  with  a  grief  suitable  to  the  loss  which  i 
'*  sustained,  and  which  we  know  can  never  be  repairei 
"  loved  him  with  the  tenderest  afTectioDy  and  sha 
"  revere  his  memory."  "  His  numberless  virtues,"  s 
Boulton,  "  I  should  be  happy  to  fall  heir  to,  they  be 
"  only  legacy  that  could  reconcile  me  to  his  death."  *^ 
"  Keir,  Darwin,  Day,  and  self,"  adds  Mr.  Boulton  at 
date,  "  have  never  yet  agreed  about  a  monument 
"  church  ;  but  as  there  Ls  nothing  which  I  wish  to  fix 
"  mind  so  permanently  as  the  remembrance  of  my  c 
"  parted  friend,  I  did  not  delay  to  erect  one  to  Ids  i 
"  in  the  prettiest  but  most  obscure  part  of  my  garden ; 
"  that  is  modelled,  at  least  characterised,  since  you  we 
"  'Tis  a  sepulclired  grove,  in  which  is  a  building  adaj 
"  contemplation ;  from  one  of  its  windows,  under  a 
"  arch  formed  by  trees,  you  see  the  church  in  which 
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"  interred,*  and  no  other  object  whatsoever  except  the  monu- 
"  ment.  It  is  a  sarcophagus  standing  upon  a  pedestal,  on 
"  which  is  written 

M:  S: 
Guliclmi  Small,  M.D. 
Ob.  Feb.  XXV. 

MDCCLXXV. 

"  and  upon  the  pedestal  are  inscribed  some  verses  written  by 
"  Dr.  Darwin,  a  copy  of  which,  with  a  slight  sketch  of  the 
"  view  from  one  of  the  windows  of  the  building,  I  herewith 
"  send  you  : — 

"  Ye  gay  and  young,  who,  thoughtless  of  your  doom, 

"  Shun  the  disgustful  mansions  of  the  dead, 
"  Where  Melancholy  broods  o'er  many  a  tomb 

"  Mould'ring  beneath  the  yew*s  unwholeaome  ihade ; 

"  If  chance  ye  enter  these  sequestered  groves, 
And  day's  bright  sunshine  for  a  while  forego, 
0  leave  to  Folly*s  cheek  the  laughs  and  loves, 
"  And  give  one  hour  to  philosophic  woe  I 


ii 
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Here,  while  no  titled  dust,  no  sainted  bone, 

No  lover  bending  over  beauty's  bier, 
No  warrior  frowning  in  historic  stone, 
"  Extorts  your  pndses  or  requests  your  tear ; 

'*  Cold  Contemplation  leans  her  aching  bead, 

"  On  human  woe  her  steady  eye  she  turns, 
*'  Waves  her  meek  hand,  and  sighs  for  Science  dead, 

"  For  Science,  Virtue,  and  for  Small  sb^  moumB." 

Mr.  Day  also,  who  had  hastened  to  England  from  Brussels 
as  soon  as  he  heard  of  the  severe  illness  of  his  friend,  (al- 
though unfortunately  too  late  to  be  present  with  him  in  his 
last  hour),  and  whose  mind  was  long  in  recovering  from  the 
gloom  caused  by  the  loss  of  one  whom  he  had  always  vene- 
rated as  a  wise  and  faithful  instructor,  composed  the  following 
epitaph  on  his  "  guide,  philosopher,  and  friend :" — 

"  Beyond  the  rage  of  Time,  or  Fortune's  power, 
**  T^cmain,  cold  stone  !  remain,  and  mark  the  hour 
"  \Vhen  all  the  noblest  gifts  which  Heaven  e'er  gave 
"  Were  centred  in  a  dark,  untimely  grave. 


That  of  St.  Philip,  Birmingliam. 
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**  0  lauj^bt  on  reason's  boldest  wings  to  vise, 
"  And  catch  each  glimmorinjj;  of  tlic  oi)eniug  skies ! 
**  O  gentle  bosom !  0  unsullied  mind ! 
**  O  friend  to  tnith,  to  virtue,  and  mankind  ! 
"  Thy  dear  remains  we  tnist  to  this  sad  shrine, 
"  Sc?cure  to  feel  no  second  loss  like  thine  1 ''  * 

The  "  sepulclired  grove  "  of  Solio  has  fallen ;  the  "  sareo- 
"  phagiis,"  —  or,  rather,  cenotaph,  —  has  perished ;  and  the 
romantic  grounds  suri'ounding  Mr.  Boulton's  mansion,  >vith 
their  woods  and  waters,  little  more  than  a  century  ago  an 
unpeopled  and  uncultured  waste,  then  transformed  into  a 
series  of  smiling  gardens  and  shaded  lawns,  have  now  become 
the  site  of  other  houses,  multiplying  in  proportion  to  the 
immense  development  of  the  steam-engine  and  its  results  in 
that  central  and  busy  district  of  our  great  manufacturing 
country.  But  not  so  soon  will  be  forgotten  the  refinement  of 
mind,  the  ardour  in  scientific  pursuits,  tlie  community  of 
sentiments,  and  the  warmth  of  friendship,  which  long  cheered 
those  scenes  with  their  sunshine,  and  seem  still  to  visit  them 
with  a  distant  gleam. 

The  passing  of  the  Act  of  Parliament  which  ensured  to 
Mr.  Watt  and  his  assignees  the  exclusive  right  to  **  make,  use, 
"  exercise,  and  vend "  the  steam-engines  of  his  invention, 
now  enabled  liim  to  airange  finally  with  Mr.  Boulton  the 
system  on  which  their  partnei-ship  and  proix>sed  manufacture 
of  engines  should  be  conducted.  Of  the  great  difficulties 
that  still  remained  to  be  overcome  in  the  further  prosecution 
of  their  undertaking,  we  may  form  some  faint  estimate  from 
the  remarkable  fact,  that  "  at  the  i>eriod  of  the  construction 
"  of  the  first  steam-engine  upon  the  new  principles  at  Soho, 
"  the  intelligent  and  juch'cious  Smcaton,  who  had  been  invited 
"  to  satisfy  himself  of  the  superior  performance  of  the  engine 
**  by  his  own  experiments  upon  it,  and  had  been  convinced  of 
"  its  great  superiority  over  Newcomen  s,  doubted  the  practica- 
"  bility  of  getting  the  difierent  i>arts  executed  with  the  requi- 
"  site  precision  ;  and  augured,  from  the  extreme  difficulty  of 

*  •  Aceount  of  the  Life  and  Writings  of  Thomas  Day,  Esq.'  (by  Mr.  Keir), 
p.  93.     1791. 
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"  attaining  this  desideratum^  that  this  powerful  macbiDe,! 
"  its  improved  form,  would  never  be  generally  introdnoei 
**  Such/'  adds  the  relator  of  this  curious  anecdote,  the  kfe 
Jlr.  Boulton,*  "  was  at  tliat  period  the  low  state  of  the  » 
**  ehanic  arts,  as  fully  to  justify  his  opinion  ;  but  a  echoolfll 
"  workmen,  in  every  relevant  branch,  was  speedily  and  s» 
"  cessfully  instituted,  and  the  forms  and  construction  of  Ae 
**  machine  were  perfected  with  a  skill  and  accuracy  till  fa 
"  imknown  in  the  execution  of  large  machinery."  , 

The  general  curiosity  that  had  begun  to  be  excited  throa^ 
out  England  as  to  the  nature  and  comparative  utility  of  Ab 
new  engines,  gave  promise  of  at  least  a  fair  remuneratiGB,  i 
tlicy  could  be  successfully  manufactured.     So  far  back  ai 
1771,  Dr.  Small  had  witten  to  Mr.  Watt,—"  At  present  In 
"  to  tell  you  something  of  consequence,  about  which  it  li 
be  proper  to  speak  with  Dr.  Boebuck,  to  whom  I  offer  bt 
best  respects.     A  friend  of  Boulton  and  me  in  Ciinivall 
"  sent  us  word  four  days  ago  tliat  four  or  five  copper-miiKi 
"  are  just  going  to  be  abandoned,  because  of  the  high  price  cf 
"  coals,  and  begs  me  to  apply  to  them  instantly.     The  Yak 
"  Building  Company  delay  rebuilding  their  engine,  with  gnA 
**  inconvenience  to  themselves,  waiting  for  yours.     Yesterfiy 
"  application  was  made  to  me,  by  a  mining  company  in  Der 
"  byshire,  to  know  when  you  are  to  be  in  England  about  fire- 
'*  engines ;  because  they  must  quit  their  mine  if  you  cannot 
**  relieve  tliem."     And,  in  April  1775,  "  There  are  seTenl 
**  engines,"  says  Mr.  Boulton,  "  now  wanted    in    ComwaD; 
"  some  of  the  proprietors  of  mines  are  impatient  to  know  the 
**  event  of  our  Bill  and  the  terms  we  will  propose.    I  hate 
"  ventured  to  say  to  Mr,  Glover,  (who  was  requested  to  wift 
"  upon  us  on  that  subject),  that  we  will  undertake  and  contivit 
"  to  make  an  engine  or  engines  capable  of  doing  any  quantity 
of  work  that  shall  be  requested  and  described,  for  as  littk 
money  as  common  engines  will  cost  that  are  capable  rf 
"  doing  as  much  work ;  and  we  will  guarantee  them  to  do 
"  that  work  with  half  the  expense  of  fuel  that  common  ones 

•  Spocch  ut  thf  Public  Meeting  in  FreemaaoDB*  Hull,  in  1824. 
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will  require,  provided  we  are  allowed  a  sum  tliat  shall  be 
equal  to  its  further  savings  over  and  above  the  said  half." 
In  August  or  September  ]  775,  "  Wilkinson  hath  been  here, 
and  says  that  all  his  neiglibours  are  impatient  to  see  the 
event  of  his  engine.  Some,  he  says,  have  suspended  their 
"  new  erections  until  his  is  finislied ;  and  all  of  them,  he 
"  is  sure,  will  have  their  engines  altered,  which  he  says 
"  will  be  a  better  trade  tliau  new  erections,  and  that  work 
"  alone  will  be  sufficient  for  our  lives."  In  March  1776, 
"  I  rejoice  at  the  well-doing  of  Willey  engine,"  (that  which 
had  been  made  for  Mr.  Wilkinson),  "  as  I  now  hope  and 
flatter  myself  tliat  we  are  at  the  eve  of  a  fortune.  I  wish 
to  see  you  at  Soho  as  soon  as  possible ;  there  are  many 
things  want  you,  and  I  find  myself  exceedingly  hurried. 
People  are  daily  coming  to  see  the  engines.  Cornwall 
begins  to  inquire  how  we  go  on.  I  will  reserve  particulars 
"  until  I  see  you."  And,  later  in  the  same  year,  "  I  have  an 
"  application  for  an  engine  from  a  distiller  at  Bristol,  to  raise 
"  15,000  ale  gallons  per  hour  GO  feet  high ;  I  have  another 
"  for  a  coal  mine  in  Wales,  another  for  a  BIr.  Langdale,  of 
"  Holbom,  a  distiller,  and  another  for  ilr.  Liptrap,  at  Mile  End, 
"  a  distiller."  "  If  we  had  a  hundred  wheels  ready  made, 
"  and  a  hundred  small  engines  like  Bow  engine,  and  twenty 
"  large  ones  executed,  we  couU  readily  dispose  of  them." 
"  We  have  a  positive  order  for  an  engine  for  Ting-Tang  mine, 
"  and  from  what  I  heard  this  day  from  Mr.  Glover,  we  may 
"  soon  exi)ect  other  orders  from  Cornwall.  Our  plot  begins 
"  to  thicken  apace,  and  if  Jlr.  Wilkinson  don't  bustle  a  little 
"  as  well  as  ourselves,  we  shall  not  gather  our  harvest  before 
"  sunset.  *  *  I  perceive  we  shall  be  hard  pushed  in 
"  engine  work,  but  I  have  no  fears  of  being  distanced,  when 
"  once  the  exact  course  or  best  track  is  determined  uj^n." 

Yet,  even  then,  the  expectiitions  of  both  the  partners  were 
very  far  indeed  from  being  exorbitant,  as  to  the  profits  to  bo 
derived  from  the  imjK)rtant  branch  of  manufacture  on  which 
they  were  preparing  to  enter.  "  It  may  be  difficult,"  writes 
Mr.  Boulton  to  Mr.  Watt,  in  July  1776, — more  than  a  year 
after  the  Act  of  rarliament  had  been  obtained, — "to  say 
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^*  what  is  the  yalae  of  your  property  in  paTtnership  with  b& 
'^  However,  I  will  give  it  a  namOy  and  I  do  say  that  I  wooH 
"  willingly  give  you  two,  or  perhaps  three  thousand  pom! 
"  for  the  assignment  of  your  third  part  of  the  Act  of  Prffr 
*^  ment  But  I  should  be  sorry  to  make  yon  so  bad  a  baigui^ 
'^  or  to  make  any  bargain  at  all  that  tended  to  deprive  iDerf 
'<  your  friendship,  acquaintance,  and  assistance,  hofiog  tkl 
"  we  shall  harmoniously  live  to  wear  out  the  twentyA* 
"  years,  which  I  had  rather  do  than  gain  a  Nabob's  fatal 
"  by  being  the  sole  proprietor. 

"  I  would  without  hesitation  have  sent  you  the  afwignmiit 
"  and  the  article  of  partnership,  had  it  been  in  my  powr; 
"  but  Mr.  Dadley,  the  lawyer,  is  suddenly  called  to  London 
"  and  it  cannot  be  had  before  his  return  ;  but  if  you  ^rantte 
"  show  it  to  any  of  your  friends,  yon  may  give  Uiem  a  cojy 
"  of  the  following  heads,  which  I  have  extracted  from  (• 
"  mutual  missives,  and  are  to  the  best  of  my  knowledge  il 
**  that  our  articles  contain  : — 

"  1st.  You  have  assigned  to  me  two-thirds  of  the  Act  rf 
"  Parliament,  on  the  following  conditions  : 

"  2nd.  I  to  pay  all  expenses  of  maldng  all  the  eqien- 
'^  ments,  and  of  obtaining  the  Act  of  Parliament,  and  iH 
"  other  expenses  relative  to  the  engine  which  were  incunrf 
"  before  Juno,  1775 ;  and  I  am  also  to  bear  all  the  expeoMi 
"  of  future  experiments,  and  all  such  money  is  to  be  simklij 
"  me,  and  not  to  bear  any  interest,  nor  be  carried  to  my 
"  accoimt  with  you;  but  the  experimental  machines  are  to 
"  be  my  property,  as  they  are  purchased  at  my  expense. 

"  3rd.  I  am  to  advance  all  the  stock  necessary  for  canyiDg 
"  on  the  engine  trade,  for  which  I  am  to  receive  lawfiJ 
"  interest. 

"  4th.  The  profits  arising  from  the  trade,  after  paying  * 
"  deducting  interest,  (as  in  3rd,)  workmen's  wages,  and  ill 
"  debts  owing  by  our  engine  trade,  to  be  divided  into  thiee 
"  parts  ;  you  are  to  take  one-tliird,  and  I  to  take  two-thirds. 

"  5th.  You  are  to  make  drawings,  surveys,  and  give  dIre^ 
"  tions ;  tlie  engine  company  to  pay  travelling  expenses  wbeft 
"  upon  business. 
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"  6th.  I  am  to  take  care  that  the  books  arc  kept  accu- 
"  rately,  and  that  they  are  balanced  once  a  year ;  and  I  am 
"  also  to  assist  in  mana<:^inp^  workmen,  making  bargains,  or 
"  doing  whatever  wo  may  jointly  think  is  for  the  interest  of 
"  the  trade. 

"  7th.  A  book  to  be  kept  wherein  are  to  be  entered  such 
**  transactions  as  are  worthy  of  record,  and,  when  signed  by 
^  ua  both,  to  have  the  same  force  as  our  articles  of  partner- 
"  ship. 

"  8th.  Neither  of  us  to  alienate  our  shares  without  the 
**  consent  of  the  other ;  and  if  either  of  us  should  die,  or  be 
*'  incapacitated  from  acting  for  ourselves,  the  other  is  to  be 
"  sole  manager,  without  control  of  heirs,  executors,  or,  assigns ; 
"  but  the  books  are  to  be  subject  to  their  inspection,  and  the 
"  acting  partner  to  be  allowed  a  reasonable  commission  for 
"  his  extra  trouble. 

"  9th.  Tlie  contract  to  continue  in  force  for  twenty-five 
"  years  from  the  1st  of  Juno,  1775. 

"  10th.  Our  heirs,  executors,  &c.,  are  bound  to  observe  the 
"  contract 

**  11th.  In  case  we  both  die,  our  heirs,  &c,,  to  succeed 
"  upon  the  same  plan. 

"  This  is  the  essence  of  all  that  is  contained  in  our  articles 
"  of  partnership  ;  but,  being  fearful  of  losing  the  post,  I  have 
"  written  in  a  great  hurry,  and  have  but  ill  expressed  myself. 
"  I  wish  I  had  more  time  to  tell  you  all  the  circumstances 
"  that  have  occurred  in  the  engine  trade,  but  that  shall 
**  be  the  subject  of  my  next.  All  is  well,  and  you'll  be 
"  quite  charmed  at  the  simplicity  and  quietness  of  Soho 
"  engine." 

This  letter  of  Mr.  Boulton  was  written  on  an  interesting 
occasion,  to  serve  as  some  guide  to  his  partner  in  estimating 
the  probable  amount  of  his  means,  with  a  view  to  the  prej)a- 
ration  of  a  settlement  on  his  second  marriage.  For  it  had 
now  become  evident^  that,  for  the  benefit  of  all  parties,  and 
to  ensure  the  success  of  the  new  manufacture,  it  would  be 
necessary  for  Mr.  Watt  to  live  in  the  immediate  neiglibour- 
hood  of  Soho ;  he  thus  permanently  abandoning  his  Scottish 
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domicile,  and  migrating  to  England  animo  remanendL  Beion 
doing  so,  however,  having  found  that  the  burden  of  dcHDede 
affairs  and  the  care  of  his  children  interfered  serioudy  liA 
his  other  pursuits,  which  had  now  become  vitally  impcHti^ 
he,  after  having  remained  for  some  years  a  widower,  mxroA 
a  second  time.  The  lady  of  his  elioice  on  this  occasioii  m 
Anne,  one  of  the  daughters  of  Mr.  Macgregor,  a  subetantHl 
citizen  of  Glasgow,  who,  under  the  instructions  of  his  aooi* 
law,  was  the  first  to  practise  in  this  country  the  usefiil  ifr 
provement  of  employing  chlorine  in  bleaching,  which  Be^ 
thollet,  its  celebrated  inventor,  communicated  to  Mr.  Witt 
She  was  the  mother  of  Gregory  Watt,  as  well  as  of  adaog^ 
both  of  whom  she  had  the  misfortune  to  lose  by  their  premft* 
ture  death;  and  she  died  in  1832,  in  advanced  old  ip, 
after  witnessing  the  ripeness  of  the  fame  of  her  husl)and,(if 
whom,  M.  Arago  has  justly  said,  "  her  various  talent,  sonni- 
"  ness  of  judgment,  and  strength  of  mind,  rendered  her  i 
"  worthy  companion." 

Yet  possibly,  in  the  long  forty-three  years  of  his  second 
wedlock,  amid  all  the  prosperity  and  fame  by  which  they 
were  marked,  there  may  have  been  moments  when  his  heirt 
throbbed  at  the  retrospect  of  an  earlier  time ;  and  of  an  unioiif 
in  days  that  were  no  more,  with  one  whose  loving  hopes  hi 
sustained  him  in  sorrow,  without  being  .permitted  to  taste  rf 
liis  joy ;  who  had  beheld  his  success  and  renoMm  only  by 
anticipation,  and  yet  with  all  the  firm  faith  of  imdoubtiif 
affection ;  and  who  had  been  summoned  from  his  aide  just  ti 
he  was  about  to  emerge  from  the  comparative  obscurity  ift 
which  he  had  long  so  wearily  pined. 

"  Tears,  idle  tears, — I  know  not  what  they  mean, — 

"  Tears  from  the  depth  of  some  divine  dcs^iair 

"  Rise  in  the  heart,  and  gather  to  the  eyea, 

"  In  looking  on  the  happy  autumn-fields, 

"  And  blinking  of  the  days  that  are  no  more.**  ♦ 

And,  although  we  dare  not,  of  course,  assert  that  the  senti- 
ment which  it  expresses  was  ever  familiar  to  the  mind  d 


♦  Tennyson,  *  The  Pnnoess,* 
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ttt,  there  also  rises,  unbidden,  to  our  memory,  one  of  the 
•ain9  which  Berangor  has  so  musically  simg : — 


**  Mais  elle  avait,  pour  me  chamicr, 
"  Ma  jcuncsse  que  je  rcgrette : — 
"  Ah,  que  nc  puis-je  vous  aimer, 
'*  Gomme  autrefois  j'aimai  Rosette ! 


vt 


"  But  she  had  one  charm  above  thee, 
"  In  my  youth  which  I  regret : — 
"  Why,  alas  I  can  I  not  love  tlice 
"  As  of  old  I  lov'd  Rosette ! " 
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A?  ^2^  ^7i:a»:  :rz:ii=^cait  of  kk  life,  Mr.  WattliidiiAl 
;v  •6^ca^«r  frid  expAtrmtioii,  and  this  coontiy  te 


Vjanq  ^  tLr  l«=i>Hh  of  hk  nniirmlled  caxeer  of  inTOliA 
In  1773  L^  L^i  r=«!^rniEd  an  inTiutioQ  from  his  friend  BoUhi 
to  come  t'j  EiiaSA.  *  whfae  he  had  recommeDded  him  tofl 
**  some  ?tAXi-jzL'  Bos  in  the  spring  ci  1775  an  offer  was  wA 
to  Lizn  of  employment  in  Bosa,  onder  the  Imperial  Gavm* 
meat,  which,  at  a  somewhat  earlier  period,  niigfat  piobiUf 
hare  met  with  his  thankful  acceptance ;  for  the  salary  JK^' 
mhied  was  !(»>/.  per  annum,  and  the  duties  required  worii 
have  suited  well  his  own  inclinations  and  acquirementB.  Ik 
offer  of  the  appointment  in  question,  however,  seems  to  liif^ 
IxM.'n  ens-ured  by,  if  it  did  not  originate  in,  Mr.  Boato 
**  han'ng  soniide^l  his  praises  at  the  Ambassador's  ;**  and  hd 
naturally  preferred  continuing,  with  him,  those  ondeaTOurB  kt 
u  parliamentar}'  prolongation  of  his  first  patent,  on  wliA 
their  future  aswiciation  was  to  depend.  "  Your  going  to 
"  iluHHia,"  HayH  Mr.  Boulton,  "  staggers  me.  The  precarioQ0- 
"  iHJHH  of  your  health,  the  dangers  of  so  long  a  journey  or 
**  voyage,  and  my  own  deprivation  of  consolation,  render  mc 
**  u  little  un(?omfortabIe ;  but  I  wish  to  assist  and  advise  yoa 
"  for  the  bcKt,  without  regard  to  self;"  and  again,  "I  shill 
"  rejoice  at  every  good  that  befalls  you ;  yet,  nevertheless,  I 
"  (Ind  I  1()V(^  nivHclf  so  well  that  I  should  l>e  sorry  to  have 
**  yon  go  1o   |{nssi;i,  nnd   I    ))('«(in   to  repent   fioundin<»  your 
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"  taumpet  at  the  Ambassador's."  "  Lord,  how  frightened  I 
"  was,"  writes  the  genial  and  liearty  Darwin,  "  when  I  heard 
"  a  Russian  bear*  had  laid  hold  of  you  with  his  great  paw, 
"  and  was  dragging  you  to  Russia !  Pray  don't  go  if  you 
"  can  help  it.  Russia  is  like  the  den  of  Cacus :  you  see  the 
**  footsteps  of  many  beasts  going  thither,  but  of  few  returning. 
**  I  hope  your  fire-engines  will  keep  you  here." 

The  ease  also  of  a  Captain  Perry,  (who,  after  having  been 
engaged  by  Peter  the  Great  as  an  engineer,  and  having  served 
for  many  years  in  that  country,  hetd  been  obliged  to  take 
refiige  in  the  house  of  the  British  Ambassador,  and  to  return 
to  England  without  receiving  his  pay),  as  well  as  representa- 
tions of  other  similar  instances,  alarmed  him  for  the  conse- 
quences which  might  possibly  again  attend  such  despotic 
predilections ;  and  recommended  to  his  mind  tlie  less  dazzling, 
but  more  secure  destiny,  of  "  a  crust  of  bread  and  liberty." 
The  Imperial  family  of  Russia  were  then  much  interested 
in  the  various  manufactures  carried  on  at  Soho,  and  greatly 
admired  their  products.  In  February  1776  the  Empress 
stayed  for  some  time  at  Mr.  Boulton's  house ;  "  and  a  charming 
"  woman  she  is,"  writes  her  hospitable  entertainer. 

It  is  rather  a  singular  circumstance,  that  when,  in  1816, 
his  Imperial  Highness  the  Grand  Duke  Nicholas  of  Russia, 
(the  late  Czar),  applied  at  the  Soho  works  for  permission  to 
view  their  interior,  his  application,  although  supported  by 
a  letter  from  Lord  Sidmouth,  was  rejected.  The  objection 
felt,  however,  was  not  by  any  means  to  the  potentate  himself 
or  his  immediate  friends,  but  to  certain  persons  who  followed 
in  his  suite,  and  whom  there  were  good  reasons  for  not 
initiating  into  the  various  processes  of  the  manufacture. 

Mr.  Watt's  labours  at  Soho  soon  began  to  manifest  the 
great  advantages  which  that  estabhshment  aflforded  in  respect 
of  materials,  workmanship,  and  business  connections.  For- 
tunately, tlie  completion  of  the  reciprocating  or  condensing 
engine  was  not  made  to  wait  for  that  of  the  more  troublesome 


*  '*  Wliieh  modo  old  Bon  and  surly  Dennis  swear, 
*'  No  Lord's}  anointed,  but  a  Kussiun  l>CHrl " 

Vopen  Tmif.  of  Ilor.,  B.  ii.  Ep.  i.,  1.  388. 
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and  uncertam  wheel-engine ;  but  was  at  once  proceeded  lid^ 
under  "  the  maater^s  eye "  and  care.     A  cast-iioD  cfUitt, 
over  18  inches  in  diameter,  an  inch  thick,  and  wei^mf  UlSv^^ 
a  ton,  but  which  seemed  "tolerably  true,"  "not perfect, WMt  - 
"  without  any  very  gross  error,"  was  procured  from  Ml  ^^--^ 
kinson,  and  the  piston,  to  diminish  friction  and  the  ooDseqwl 
wear  of  metal,  girt  with  a  brass  hoop  two  inches  broad:  uk  ^v 
although  when  first  tried,  "  the  engine  goes  manrelloQBlyUi 
"  it  made  eight  strokes  per  minute ;    but,  upon  JoM|iii 
"  endeavouring  to  mend  it,  it  stood  still ;"   and  tlul,  % 
though  the  piston  was  helped  i^ith   all  the  appUancatf 
"  hat,"  papier  mache,  grease,  black-lead  powder,  a  bottk  i 
oil  '^  to  drain  through  the  hat  and  lubricate  the  sides,**  ui 
an  iron  weight  above  all  to  prevent  the  piston  leaviBgtk 
papier  beliiiid  in  its  stroke, — yet,  after  some  imperfectioDiii 
the  valves  were  remedied,  "  the  engine  makes  500  strobi 
"  with  about  two  cwL  of  coals ;"  and,  in  another  month  or  tiOi 
with  better  condensation,  it  "  makes  2000  strokes  with  one 
"  cwt  of  coals ;"  no  bad  work  for  such  a  macliine,  as  y^  hit 
in  its  childhood.     "  The  copper  bottom  for  Bloomfield  engiie 
"  is  come,"  at  the  same  time  writes  Mr.  Boulton,  "  and  Mi 
"  Hurst  promises  to  forward  tlie  others  directly.    The  net 
"  forging-shop  looks  very  formidable ;  the  roof  is  nearly  pot 
"  on,  and  the  heartlis  are  both  built     The  two  small  7-inck 
"  pumps  for  our  own  condenser  are  this  day  arrived  ;  but  m 
*'  can't  bore  them  until  we  have  got  a  block  cast  for  f*™^ 
**  the  boring-knives  in,  which  I  shall  hasten."  And,  within  six 
mouths,  there  comes  this  order : — "  Pray  tell  Mr.  Wilkinson  to 
"  get  a  dozen  of  cylinders  cast  and  bored,  from  12  to  50  incbtf 
"  diameter,  and  as  many  condensers  of  suitable  sizes;  the 
"  latter  must  be  sent  here,  as  we  will  keep  them  ready  fitted 
"  up,  and  then  an  engine  can  be  turned  out  of  hand  in  two 
"  or  three  weeks,     I  have  fixed  my  mind  upon  niAln'ng  from 
"  twelve  to  fifteen  reciprocating,  and  fifty  rotative  engines 
"  per  annum." 

The  new  engines  beginning  now  to  bo  disseminated  over 
many  parts  of  England,  and  giving  entire  satisfaction  to  all 
who  availed  thonisdvos  of  tlic  invention,  bo^n  to  attract 
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notice  on  the  other  side  of  the  Channel.  Within  a  couple  of 
years  after  the  passing  of  the  Act  of  Parliament  of  1775, 
negotiations  were  set  on  foot  by  MM.  Pcrrier  for  using  Mr. 
Watt's  steam-engines  to  supply  Paris  with  water;  and,  in 
1778,  the  King  of  France,  by  a  decree,  granted  to  Messrs. 
Boulton  and  Watt  an  exclusive  privilege  to  make  and  sell 
their  engines  in  that  country.  This  decree,  according  to  the 
French  patent  law  at  that  time,  could  not  have  the  force  of  a 
patent  till  an  engine  had  actually  been  subjected  to  the  judg- 
ment of  certain  Commissioners  appointed  by  the  decree,  and 
had  been  reported  by  them  to  be  superior  to  the  common 
engines.  The  trial  engine,  it  was  agreed,  should  be  erected 
at  the  colliery  of  a  31.  Jary,  near  Nantes  in  Brittany ;  M. 
Jary,  who  was  a  very  ingenious  man,  himself  undertaking 
nearly  the  wliole  care  of  tlio  erection. 

"  The  sum  of  intelligence  concerning  Perrier,"  writes  Mr. 
Boulton,  "is,  that,  through  interest,  he  has  obtained  tlio 
"  King's  arret  empowering  him  to  raise  water  from  the  Seine 
"  to  supply  Paris,  and  erecting  a  company,  copy  of  which  I 
"  shall  send  you ;  that  W.  Wilkinson  went  over  to  solicit 
"  order  for  the  pipes,  &c, ;  that  Perrier,  when  he  went  to 
"  Broseley,  wa.s  resolved  to  have  common  engines ;  that  after- 
"  wards  he  was  convinced  that  ours  were  much  superior,  and 
"  then  wanted  Wilkinson  to  make  them  for  him,  as  he  did  not 
see  the  use  of  aj^pl ying  to  us,  [he]  being  out  of  our  jurisdic- 
tion ;  that  W.  rejjresented  tliat  he  would  be  liable  to  prose- 
"  cution,  and  that  lie  was  bound  by  honour  and  interest  not 
"  to  do  it  but  tlirough  us ;  that  W.  thought,  as  being  out  of 
"  our  jurisdiction,  we  should  serve  Perrier  upon  moderate 
"  terms,  should  take  out  our  premium  in  actiansy  which  would 
"  be  saleable  as  bearing  6  per  cent,  interest ;  that  W.,  if  em- 
"  ployed  for  pipes,  &c.,  takes  100  shares  at  50L  each. 

"  I  answered,  that  Perrier  had  not  behaved  to  us  with  pru- 
"  dent  openness  or  consideration,  and  had  attempted  bribing 
"  jwoplo  to  betray  us  at  London ;  that  we  had  friends  in 
"  France  of  interest,  wiio  had  long  ago  assured  us  of  the  pro- 
"  toction  of  tluj  t-rown,  and  that  tlie  State  would  see  tlie 
"  propriety  of  haviiig  us  to  erect  our  own  machines ;  and  that 
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^  if  they  did  not,  we  would  not  serve  Ferrier  so  dieip  « 
^  they  did ;  that  some  of  our  principal  secrets  woe  dl: 
"  our  own  breasts ;  that  it  was  more  om*  interest  to  ib 
^  at  home,  without  France  was  secured  to  nsf  &e.  ' 
^  Perrier  is  a  smith  to  trade,  and  reckoned  a  man  of  i 
^  unity ;  but  his  scheme  is  undigested,  and  he  ii  igHi 
^  even  of  the  proper  method  of  conducting  the  water.  ' 
^  Lieutenant  of  Police  is  the  ultimate  judge  of  dispHe 
*'  Perrier's  scheme.  Bather  than  fail,  suppose  we  le 
**  erect  one  or  two  engines  for  Perrier  upon  easy  tentt 
**  vided  he  and  his  interest  concurred  in  securing  our  pn 
"  in  France." 

Early  in  1779,  Perrier  visited  Soho,  "  bargained  <m 
**  moderate  terms"  for  engines,  and  drawings  for  o& 
sent  to  Jary  by  Mr.  Watt,  to  be  executed,  it  would  i 
in  France.  Finding,  in  May  1780,  that  the  MM.  Perrii 
to  erect  three  fire-engines,  **  whereof  one  according 
"  plan,  and  the  two  others  with  *  changements  qu'il  av^ 
"  *  gin6,'  if  we  mean  to  keep  this  our  kingdom  of  Fi 
"  proper  subjection,"  wrote  Mr.  Watt,  "  it  will  be  m 
"  that  one  of  ourselves  go  over  there  soon." 

How  far  MM.  Perrier  showed  off  to  advantage  the 
of  English  design  and  French  construction,  appears  i 
report  of  M.  De  Luc,  "  who  was  present  at  Paris  when 
"  called  the  Royal  Academy  to  view  the  engine  set  on 
"  lo !  it  went  two  long  strokes  per  minute  ;  which  he : 
"  owing  to  the  want  of  the  steam-case,  which  in  hast< 
"  omitted.  This  being  afterwards  added,  the  engine  wr 
"  the  rate  of  four  strokes  per  minute,  and  he  (De  Lu 
"  saw  it  go  any  faster."  *  This  was  rather  a  eontras 
rate  at  which  the  Soho  engines  moved  in  their  own  c 
and  perhaps  M.  Perrier  prevailed  on  the  two  othen 
"  variations  which  he  had  imagined,"  to  mind  their 
with  more  alacrity.  But  when  Mr.  Watt  and  Mr. 
visited  Paris,  * "  We  have  also  vindicated,"  writes  Mr 


♦  Mr.  Wait  to  Mr.  Boulton.  20  Oot^}>er,  1782 
t  To  Dr.  Koobuck,  3  Ffbruar>'.  1787. 
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**  the  honour  we  were  robbed  of  by  M.  Perrier's  assuming  the 
^  merit  of  my  inyention ;  he  said  our  coming  was  un  coup  de 
**  90ufflet  diabolique  pour  lui.     He  has  succeeded,  however,  in 
**  having  erected  a  most  magnificent  and  commodious  manu- 
"  factory  for  steam-engines,  where  he  executes  all  the  parts 
**  most  exceedingly  well.    He  is  a  man  of  abilities,  and  would 
be  very  estimable  if  he  were  a  little  more  just,  (or  more 
honest)."    And,  in  1790,  he  again  writes,*  "  I  have  a  letter 
**  from  Mr.  Leveque  of  July  4th.      He  has  seen  Perrier's 
"  engine,  which  he  does  not  like ;   says  Mr.  De  Betancourt 
**  instructed  him  how  to  make  double  engines,  and  has  sent  a 
"  model  of  them  to  Spain,  as  he  does  of  everything  he  sees ; 
"  and  has  written  a  memoir  upon  the  effects  of  steam,  which 
"  will  be  published  in  Prony's  *Hydraulogie.*     We  must  be 
"  more  and  more  careful  in  respect  to  foreigners."     M.  De 
Prony,  (who  usually  spells  the  name  of  Watt  either  Wats  or 
Wast),  has  an  article  in  liis  *  Nouvelle  Architecture  Hydrau- 
*  lique '  (No.  1345,  tome  i.,  published  in  1790), — "  Comment 
"  M.  le  Chevalier  De  Betancourt  a  devin4  le  principe  d'uno 
"  machine  a  feu  posterieuroment  construite  par  JIM.  Wats  et 
"  BoUon ;" — on  i)erusing  which,  it  turns  out  that  the  engine 
alluded  to  was  the  double-engine ;  that  the  method  M.  De 
Betancourt  took  to  "  divine  the  principle,"  was  to  visit  and 
inspect  the  engine  itself  at  work  at  Soho;   to  observe  the 
piston  impelled  both  upwards  and  downwards  by  an  equal 
force  of  steam ;  and  then,  liaving  made  a  model,  to  get  MM, 
Perrier  to  make  an  engine  on  the  same  construction  as  tliat 
which  he  had  thus  visited,  inspected,  and  observed  at  work. 
A  truly  original,  and  doubtless  an  accurate,  method,  "  deuiner 
"  k principe'' 

M.  De  Prony's  book  is  curious  under  anotlier  point  of  view. 
It  contains  a  table  of  its  own  errata,  in  which  there  are  enu- 
merated no  fewer  than  two  hundred  and  seventy-eight ;  con- 
sisting of  four  great  classes,  viz.,  errata  of  the  tt^xt,  errata  of 
the  notc^s,  errata  of  the  tables,  and  errata  of  the  *'  eclairciKse- 
"  meuts."     But  in  all  that  catalogue,  such  cJiors  us  Wats 

*   To  Mr.  I^mltoii,  2\\  July,  171»0. 
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and  Wast  for  Watt,  and  Darmonth  for  Dartmooth,  DiAa^^' 
for  Durham,  &c.,  &c.,  are  not  noticed,  and  peas  *^  pour 
'^  lament  rien."    Therefore,  to  what  the  grand  total  of 
in  the  whole  work  might  amount,  we  cannot  even  guea; 
if  to  such  as  we  have  named  were  to  be  added  the  cmAid: 
the  corrections  of  the  errata, — (or  errata  9guared)y — fUDdcnlSg. 
raised,  as  it  were,  to  the  third,  or  some  even  higher  P'I^Ir 
probably  the  work  of  Prony,  like  the  machine  of  lUf 
described  by  Belidor,  might  be  found  to  be  without  iini]|^r 
"  dans  ce  monde." 

But  it  is  satisfactory  to  be  able  to  add,  that,  on  a  penoiA 
acquaintance  with  M.  De  Prony,  Mr.  Watt  found  that  be  li 
a  very  estimable  man ;   and  that  in  any  mistakes  he  Ui 
made  as  to  the  steam-engine,  he  had  proceeded  on  eiroiMi 
information,  and  was  anxious  to  correct  them.     "I  aofi 
"  him,"  writes  Mr.  W.,  in  1808,  "  of  all  blame  ot  &am 
"  intention ;  he  was  merely  the  chronicler  of  what  was  rektol 
"  to  him ;  and  with  such  relators  as  Perrier  and  Betancoat 
"  at  his  ear,  what  better  could  be  expected  ?    He  knew  nodu^ 
"  of  me  or  my  works  but  what  they  pleased  to  relate.    He  ii 
'^  himself  a  most  ingenioiis,  modest,  and   candid  man,  ui 
^^  regrets  much  his  having  published  what  he  has  done;  wk 
"  he  offered  to  insert  in  his  next  publication  whaterer  I 
"  pleased  to  communicate  on  the  subject"  ♦     In  1816  Mr.  W. 
signed  M.  Dfe  Prouy's  certificate  for  the  Eoyal  Society ;  and,  it 
returning  it  to  j\Ir.  Kennie,  observed  that  he  was  glad  to  btw 
had  an  opportunity  of  giving  this  testimony  of  his  eeteoi 
for  him.t 

For  many  years  after  1775,  Mr.  Watt  resided  chiefly  in 
Birmingham,  to  be  near  the  great  manufacturing  estaUidn 
ment  to  which  his  attention  was  now  energetically  devoted; 
but  he  was  sometimes  compelled  to  be  absent,  for  long 
j)eriods,  in  the  mining  districts  of  Cornwall, — ^a  poor  ex- 
change, in  his  opinion,  for  the  intellectual  pleasures  and 
hospitable  sociality  of  the  neighbourhood  of  Soho.     His  em- 


♦  Mr.  Wiitt  to  Mr.  James  Watt,  jnn.,  lOtli  Novem1>er   1808 
t  To  Mr.  Uoruiio,  atli  December,  IHIG. 
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ployments,  during  those  intervals  of  forced  absence,  were,  to 
a  great  extent,  neither  easy  nor  agreeable.  lie  had,  in  the 
first  place,  to  push  his  great  invention  into  notice  and  use ; 
iu  doing  which,  he  had  to  contend  not  only  with  such  obstacles 
as  nature  presented,  in  the  dark  abysses  of  desperately  flooded 
mines,  but  also  with  the  deeply-rooted  prejudices  of  a  rude 
and  obstinate  class  of  men,  generally  as  incredulous  of  the 
powers  of  the  new  machine,  as  they  were  ignorant  of  the 
causes  of  the  imp<3rfections  of  the  old  ones.  How  little,  too, 
the  real  merits  of  macliinery  were  appreciated  by  those  among 
whom  he  had  to  labour,  ai)pears  from  an  amusing  descrii)tion 
he  has  given*  of  one  of  the  first  engines  which  he  erected  in 
Cornwall.  "  At  present,"  he  says,  "  the  velocity,  violence, 
"  magnitude,  and  horrible  noise  of  the  engine  give  miiversal 
satisfaction  to  all  beholders,  believers  or  not.  I  have  once 
or  twice  trimmed  the  engine  to  end  its  stroke  gently,  and 

"  make  less  noise ;  but  Mr. cannot  sleep  unless  it  seem 

"  quite  furious,  so  I  have  left  it  to  the  engine-man.  And,  by 
"  the  bye,  the  noise  serves  to  convey  great  ideas  of  the  power 
"  to  the  ignorant,  who  seem  to  be  no  more  taken  with  modest 
"  merit  in  an  engine  than  in  a  man."  Naturally  disinclined 
to  solicitation,  and  averse  to  the  coarse  tumult  of  commercial 
business  when  conducted  with  inferior  and  illiberal  minds,  he 
was  expected  to  obtain  orders  and  extend  connections;  as 
well  as  to  take  charge,  (as  he  did  with  much  greater  readi- 
ness), of  the  erection  of  the  new  engines,  and  of  making 
ex|>eriment8  on  all  sorts  of  old  ones.  In  public  discussions  at 
the  meetings  of  mining  adventurers,  his  arguments,  founded 
on  reason  and  science,  too  often  met  with  jarring  opposition, — 
sometimes  even  with  ignorant  contempt ; — in  private  he  had 
"  constant  bad  headaches,"  and  his  "  usual  tendency  towards 
"  desponding  views."  As  business  increased,  so  did  his 
troubles :  "  excessive  difficulty  in  finding  inteUigent  managing 
"  clerks ;" — "  continual  anxiety,"  (and  frequent  failure),  "  to 
"  get  the  various  parts  of  the  metal-work  executed  exactly 
"  according  to  his  own  drawings,"  which,  it  is  needless  to  say, 


*  In  a  letter  to  Mr.  Boulton  from  Truro,  witliout  date. 
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were  made  with  laborious  accuracy  and  clearnefli;  nlH 
<<  almost  distracted  with  multiplicity  of  orden,**  be 
fancied,  he  said,  that  he  '^  must  bo  cut  in  pieces,  and  » 
"  sent  to  every  tribe  in  Israel!"     Then,  as  aoon  as  tbe 
yalue  of  the  new  engines  began  to  be  at  all  undento(4r 
as  soon  as  that  water  which  was  reckoned  the  "'  heaTitfk' 
the  whole  county,  and  which  the  sapient  among  ther"*^^"**^^^ 
had,  in  the  profundity  of  their  wisdom,  declared  would 
be  "forked,"  not  only  was  "forked,"  but  showeJ,Vj4l 
manner  in  which  that  process  was  accomplished,  Mil 
new  engine   "might  fork  anything," — to  all  his  pwn* 
labours  was  added  that  hateful  one  of  having  to  obsemiil 
restrain  the  piracies  which  forthwith  began  to  be  pnidM 
secretly  at  first,  but  soon  with  greater  frequency  and  dini 
The  bare  and  miserable  aspect  of  tho  country  in  iM 
his  head-quarters  were  at  such  times  most  commonly  fail 
increased  the  gloom  of  the  months  he  was  compelled  to  fSfA 
there.     Cornish  mines  are  far  from  resembling  the  fittdi 
scenery  of  the  golden  age ;  and  the  following  deseriptioi  tf 
one,  though  drawn  with  a  lively  pencil,  and  inserted  in  i 
work  of  fiction,  is,  we  believe,  true  to  Nature  : — ^"It  ima 
"  ugly,  uninviting  place  to  look  at,  with  but  few  visible  apt 
"  of  wealth.     The  earth,  which  had  been  burrowed  out  If 
"  those  human  rabbits  in  their  search  after  tin,  lay  aiomidii 
"  huge  ungainly  heaps ;    the  overground  buildings  of  ikt 
"  establishments  consisted  of  a  few  ill-arranged  sheds,  alreulf 
"  apparently  in  a  state  of  decadence ;    dirt  and  slosh,  nl 
"  pools  of  water  confined  by  muddy  dams,  abounded  on  eieiy 
"  side ;    muddy  men,  with  muddy  carts  and  muddy  hoiM 
slowly  crawled  hither  and  thither,  apparently  with  no  ob)eci» 
and  evidently  indifferent  as  to  whom  they  might  overset  it 
"  their  course.     The  inferior  men  seemed  to  show  no  reflpeet 
"  to  those  above  them,  and  the  superiors   to   exercise  no 
"  authority  over  those   below  them.      There  was  a  soltat 
"  equality  among  them  all.     On  the  groimd  around  was  no 
"  vegetation ;  nothing  green  met  the  eye ;  some  few  stunted 
"  bushes   appeared  here    and  there,   nearly   smothered  by 
"  heaped-up  mud,  but  they  had  about  them   none  of  ^ 
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"  attractiveness  of  foliage.  The  whole  scene,  tliough  con- 
"  sisting  of  earth  alone,  was  unearthly ;  and  looked  as  though 
'*  the  devil  had  walked  over  the  place  with  hot  hoofs,  and 
"  then  raked  it  with  a  huge  rake."  *  The  "  dismal  weather 
"  did  not  tend  to  raise  his  spirits ;"  those  wilds,  he  says, 
might  be  defined  "  a  tract  of  hills  without  dales,"  where  the 
roads  went  "straight  up  the  hills  without  flinching,"  and 
where, — (the  force  of  savage  misery  could  no  further  go !) — 
"  the  enginemen  actuallj/  eat  the  grease  for  the  engine  !  "  Some 
of  his  letters  indeed  remind  one,  although,  of  course,  in  all 
the  sobriety  of  engineering  prose,  of  the  strains  in  which 
Ovid  bewailed  his  exile  to  the  remote  and  savage  Pontus  ; — 
"  peace  of  mind,  and  delivery  from  Cornwall,  is  my  prayer," 
was  his  desponding  message  to  Soho  in  1782.  But,  as  the 
Muse  did  not  cease,  amid  the  horrors  of  barbarian  skies,  to 
cheer  with  her  smiles  the  lonely  hours  of  the  expatriated 
Roman  poet,  so  the  spirit  of  Invention  did  not  forsake  her 
favourite  son  in  his  Cornish  solitude ;  and  even  his  *  TrUtia ' 
give  token  of  her  inspiration. 

The  copper  companies  becoming  bankrupt,  or,  at  least, 
insolvent,  in  rapid  succession,  and  many  of  the  mines  being 
already  unworkable  from  the  increase  of  water,  while  the 
low  price  of  copper  would  not  admit  of  the  removal  of  that 
obstacle  by  the  old  and  expensive  means,  were  all  circum- 
stances which,  however  unpropitious  at  first  sight,  really 
proved  advantageous  to  the  cause  of  the  new  steam-engine, 
by  compelling  the  adoption  of  every  principle  by  which 
economy  of  fuel  and  labour  could  be  attained. 

Nevertheless,  the  result  to  Boulton  and  Watt  in  the  way 
of  emolument  was  for  several  years  questionable  enough; 
for  in  1780,  "  it  appears,"  says  Mr.  Watt,t  "  by  our  books, 
"  that  Cornwall  has  hitherto  eat  up  all  the  profits  we  have 
"  drawn  from  it,  and  all  we  have  got  by  other  places,  and  a 
"  good  sum  of  our  own  money  to  the  bargain."  Even  in  1783 
he  writes, — "  we  have  altered  all  the  engines  in  Cornwall  but 
"  one,  and  many  in  other  parts  of  England ;  but  do  not  acquire 


♦  '  The  Three  Clcpka.'  voL  i^  p.  199.  f  To  Mr.  Boulton,  31  October,  1780. 
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*  ikhes  »  &Bt  as  miglit  be  imagiiied ;  theexpeo9eBofen]if| 
~  OQ  cfxr  InazbiESE  are  iKceasuilTTeiT  great,  and  baTeUU 
*"  <!»i:i««2iK»l  almoei  all  our  profits;  bat  we  hope  to  do  Ml 
~  by  oxkimaiik^  c>ar  anention  and  exerdons,  and  byai 
*-  fijing  ti^  number  of  oor  worksL**  *  Yet  the  state  of  Ml 
teis  ftwn  which  the  new  steam-engine  redeemed  the « 
mines,  is  thos.  at  the  same  period,  deacribed  bj  lua) 
*^  ChaiL^E-water  Company  sank  50,00(M.  and  upwards  in  irfli 
^  that  mine  to  work  ;  and  whether  they  have  recoveielit 
'^  yet  seems  onoeitain.  althoagfa  the  mine  has  been  tokd 
-  proi^roos.  Wheal  Virgin  and  Co.  lost  28,0001  n 
"  months*  anprospercNis  working.  Poldiee  has  sank  i  ^ 
"  great  sam,  and  is  not  now  gaining  nor  saving.  Itbii 
"  35,<XHJIL  to  fit  ap  and  drain  Wheal  Virgin  in  this  W 
^  and  it  costs  above  10,0002.  a-year  to  draw  the  water, 
**  all  that  can  be  done  for  them.  Pool  adventarers  hare 
near  14,000/.,  and  have  no  great  prospect  of  leca 
any  part  of  it.  Boskeere  has  been  long  languishin 
*^  does  not  now  pay  costs.  At  Dolcoath  Mine  it  is  sai 
nse  500!.  of  timber  per  month,  and  a  new  kibble 
above  a  ton  weight  is  worn  oat  in  a  fortnight  •] 
fully  15  minutes  to  draw  a  kibble  of  ore  there,  which 
only  about  3  cwt.  On  the  average,  above  §  of  tl 
^  drawn  is  barren  stones.  It  cost  three  years'  work 
"  believe,  as  many  thousand  pounds,  to  sink  a  new 
"  that  mine : — every  fathom  of  an  engine-shaft  that 
"  under  the  engine  costs  from  50t  to  100/.  Unite* 
"  have  been  at  death's  door,  and  are  still  in  a  totterii 
Wheal  XJuion  adventurers,  after  working  near  thie 
were  glad  to  sit  down  with  a  loss  of  7000/.  or  8000/ 
"  had  not  furnished  them  \>*ith  more  efiectual  means  i 
"  ing  the  water,  I  believe  almost  all  tlie  deep  mines  1 
**  abandoned  before  now." 

With  Mr.  Watt,  the  whole  of  the  period  of  whicl 
now  speaking,  whether  passed  by  him  at  Binning 
Cornwall,  or  elsewhere,  was  one  of  tlie  most  continu 
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*  Mr.  Watt  to  Mr.  Macdowal,  3  January,  1783. 
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satile  and  active  exertion,  and  the  most  profusely  fertile  in 
mechanical  invention,  of  the  whole  of  his  life.  This  may  be 
said  to  have  been  the  case  more  especially  as  regards  the  first 
ten  years  of  the  time  in  question,  viz.  from  1775  to  1785, 
during  which  he  secured,  by  five  several  patents,  the  invention 
of  the  machine  for  copying  letters  and  drawings,  together  with 
those  almost  innumerable  improvements  on  the  steam-engine, 
of  infinite  ingenuity  and  value,  which  he  had  made  subse- 
quent to  that  of  the  separate  condenser ;  besides  originating 
other  contrivances,  which,  although  not  included  by  him  in 
patents,  might  have  made  both  the  fortune  and  the  reputation 
of  many  a  minor  adventurer  in  that  line. 

Taking  his  patents  in  their  chronological  order,  the  first, 
(subsequent  to  that  of  1769),  is  that  "  For  a  new  method  of 
"  copying  letters  and  other  writings  expeditiously," — which 
passed  the  Great  Seal  on  the  14th  of  February,  1780,  the 
specification  being  enrolled  on  the  31st  of  May  following. 
The  first  idea  of  this  invention  is  believed  to  have  originated 
in  Mr.  Watt's  mind  from  his  perception  of  the  advantages  of 
a  scheme  proposed  by  Dr.  Darwin,  of  a  sort  of  duplex  pen 
which  he  called  a  bigrapher,  but  which  we  are  not  aware  that 
there  is  any  great  reason  for  supposing  to  have  been  very 
successfully  employed  in  practice.  His  bigrapher  perhaps 
resembled  that  notable  "  instrument  for  writing  many  copies 
"  of  the  same  thing  at  once,"  contrived  and  patented  by  Sir 
William  Petty  in  1648,  which  "when  it  came  to  be  tried 
"  was  found  to  take  considerably  more  than  twice  the  time  to 
"  produce  its  two  copies  that  the  common  pen  took  to  pro- 
"  duce  one."  * 

To  Dr.  Darwin  accordingly  was  sent  one  of  the  early  inti- 
mations of  the  completion  of  the  modem  copying-machine : — 
i*  I  have  fallen  on  a  way  of  copying  writing  chemically, 
"  which  beats  your  bigrapher  hollow.  I  can  copy  a  whole- 
sheet  letter  in  five  minutes.  I  send  a  copy  of  the  other 
page  enclosed  for  your  conviction,  and  I  tell  you  further 
"  that  I  can  do  still  better  than  that  copy."  f    To  Mr.  Boul- 

*  Romance  of  tlie  Peerage,  vol.  iv.  p.  258-9. 

t  The  letter  is  without  further  date  tlian  Birmingham,  1779. 
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tan,*  ^  I  send  you  endoeed  some  of  Mr.  Nobodj^s  dm^ 
"  with  authentic  copies  of  them.  *  *  The  copy  iJUeorii 
^*  to  grow  blacker  as  other  writing  does,  and  I  fimey  }oii 
^'  find  the  originals  rather  blacker  than  they  wen  U 
"  copying,  and,  as  far  asl  can  judge,  not  in  theleaaideiw 
And  in  December  1779,  he  writes  to  Dr.  Black,  ""Inidri 
"  to  the  copying  scheme,  the  state  of  it  at  -p&ai  i 
*'  follows : — I  have  given  in  a  petition  for  a  patent,  aii 
now  in  train ;  but  as  my  occupations  and  healih  e 
permit  me  to  follow  that  business  myself,  I  ba?e  td 
two  partners — Mr.  Boulton,  who  is  to  be  at  the  expe 
"  the  patent,  and  Mr.  Eeir,  who  is  to  manage  the  boBi 
^'  In  brief,  the  first  idea  was  the  forcing  the  ink  1 
thin  paper,  so  as  to  appear  on  the  other  side ;  the 
the  improving  the  colour  by  wetting  the  paper 
astringent;  the  third,  the  depriving  astrii^ntB 
colour,  without  depriving  them  of  their  effects  as  asti 
**  fourthly,  managing  the  operation  so  as  to  pie^ 
'^  original  being  defaced,  or  forced  through  to  the  ot 
**  but  the  greatest  part  resides  in  the  mechanical  m 
"  All  this  to  yourself  only  at  present" 

Specimens  of  the  result  of  the  process  its  invento 
himself  by  supplying  to  others  of  his  correepondentf 
ing  been  mysteriously  done,  like  the  magical  1ypo| 
Fust^  ^^  Non  Atramento  aut  PlumaU  Cavmdj  ged  Afi 
*'  Navdr 

The  difficulty  of  finding  materials  suitable  in  al 
to  the  new  process,  led  him  to  make  a  great  numbe 
riments,  especially  in  regard  to  the  ink  which  was  fit 
used  in  order  to  insure  clearness  and  durability  in  i 
without  injury  to  the  original ;  and,  finding  that  the 
sumed  by  that  long  series  of  trials  interfered  inccm 
with  his  other  not  less  urgent  occupations,  he  aa 
partners  in  the  copying-press  business,  as  mentions 
both  Mr.  Boulton,  (who  was  at  the  expense  of  the  pa4 
their  mutual  Mend  Mr.  Eeir,  who  was  possessed  of 


*  28  June,  1779. 
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and  well-informed  mind,  and  whom  his  own  inclinations  had 
led  to  the  study  of  chemistry  and  the  application  of  it  to  the 
arts.  That  the  manufacture  of  the  copying-presses  prospered 
under  their  joint  management,  is  attested  by  tlie  number  of 
public,  mercantile,  and  other  offices,  as  well  as  of  private 
individuals,  that  were  supplied  with  those  useful  implements ; 
which  have,  indeed,  been  ever  since  considered  in  this  country 
as  indispensable  to  the  rapid,  easy,  and  safe  transaction  of 
business  in  every  extensive  concern. 

To  the  inventor  this  ingenious  contrivance  brought  its  own 
reward : — for  he  says  in  writing  to  one  of  his  correspondents, 
(to  Mr.  H.  B.  Way,  27th  March,  1809),—"  It  is  gratifymg  that 
"  you  find  the  copying-machine  useful  to  you.  It  has  been  so 
^*  much  so  to  me,  for  the  last  twenty-six  years,  that  it  has  been 
"  worth  all  the  trouble  I  had  with  it,  had  it  been  attended 
"  with  no  other  profit."  Early  in  1781,  his  friend  Dr.  Patrick 
Wilson  wrote  to  him  on  this  subject,  giving  a  very  useful  hint, 
which  was  carried  out  in  practice  by  the  contrivance  of 
damping-ioxes  made  of  wood,  lined  with  tin-foil  or  sheet-lead, 
with  a  lid  fitting  close  to  the  interior  of  the  sides,  so  as  to 
admit  of  either  a  small  or  a  large  quantity  of  copying-paper 
being  damped  at  one  time : — "  I  have  never  met  with  any- 
thing in  the  way  of  improvement  which  has  given  me  more 
pleasure  than  your  copying-machine ;  and  I  have  become 
your  debtor  for  one  furnished  me  by  Mr.  G.  Hamilton,  now 
in  use,  and  which  I  have  strongly  recommended  to  others. 
'^  The  interest  I  tcJ^e  in  everything  relating  to  you,  as  one 
*<  of  our  oldest  friends,  induces  me  on  the  present  occasion  to 
communicate  some  things  wliich  I  flatter  myself  may  not 
be  unworthy  of  your  attention,  in  the  way  of  obviating  some 
"  objections  against  the  use  of  the  machine.  What  I  have 
chiefly  in  view  relates  to  the  preparing  and  moistening  the 
paper.  Many  have  said  that  a  work  of  this  nature  is 
''  foreign  to  the  train  of  things  in  a  counting-house ;  and 
'^  when  set  about  in  hurried  seasons  and  in  candle-light, 
"  would  necessarily  prove  liighly  inconvenient.  These  kinds 
"  of  surmises,  which  I  had  frequently  met  with  in  conversa- 
^'  tion  before  getting  my  machine,  led  me  to  think  of  a 
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^  remedy  which  I  have  now  tried,  and  found  to  answeri 
and  which  has  since  reconciled  many  here  very  comfk 
to  your  whole  scheme. 

"  My  method  is  to  prepare  in  daylight^  and  iki 
leisure,  by  the  wetting  book,  as  much  paper  as  wfll  i 
**  for  a  month,  which  I  preserve  in  that  state  of  moistn 
**  keeping  the  leaves  betwixt  boards  of  wainscot  wi& 
*'  FOIL  next  the  paper.  I  have  three  sets  of  these  botfi 
"  the  half-folio,  quarto,  and  next  size  of  paper;  bat  At 
'^  foil  is  an  inch  beyond  the  leaves  all  round,  so  as  to 
^'  down ;  the  more  effectually  to  prevent  the  moiston 
'^  escaping.  The  uppermost  board  is  loaded  with  sbeel 
"  and  the  undermost  has  a  handle,  to  draw  them  mov 
^'  veniently  from  the  under  shelf  of  the  copying-taUe, 
"  they  always  lie  when  not  in  usa  Yesterday  I  tried 
'^  sheets  preserved  moist  in  this  way  for  23  days,  andti 
"  was  extremely  distinct  and  equal,  owing  to  the  n 
"  being  more  uniformly  diffused  than  in  the  comm< 
*  But  there  may  be  still  more  commodious  wa^ 
of  applying  this  principle  in  practice. 

It  will  be  of  importance  also  to  the  success  d  y 
"  that  the  rollers  do  not  split  in  the  keeping.*  ] 
showed  symptoms  of  this  kind  after  the  first  three 
my  room,  upon  which  I  immediately  anointed  the  ei 
"  with  soft  pomatum,  which  stopped  the  progress  of  the 
It  is  hardly  necessary  that  we  should  here  desci 
simple  process,  so  well  understood  at  the  present  da^ 
posing  the  letter  to  be  copied,  interleaved  with  damp 
copying-paper  and  oiled  paper,  or  pasteboard,  to  prei 
a  few  seconds  between  the  rollers  of  a  rolling-presi 
fact,  to  any  adequate  and  equable  pressure,  not  too  pc 
so  that  the  ink  may  be  duly  impressed  on  the  copy 
being  also  forced  through  the  letter-paper  so  as  to  in 
appearance  of  the  letter.  The  machines  manu&cti 
this  purpose  by  James  Watt  and  Co.  (under  which  £ 

*  This  refers  to  some  of  the  first  described  as  being  "woodc 

roUers,  which  were  made  of  lignmn-  **  talline  ;**  and  in  pmctioc^ 

Yitas ;   but  on  the  drawing  attached  cast-iron,  or,  in  Bome  cmocm, 

to  the  specification  they  had  been  were  prefen^  and  geneimU] 
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Soho  copying  business  was  conducted),  were,  with  hardly  an 
exception,  made  with  rollers;  at  first  of  lignum-vitae,  but 
afterwards  of  iron ;  the  wood  having  been  found,  from  the 
alternations  of  damp  and  dryness,  to  have  a  tendency  to 
crack  or  split.  By  other  manufacturers  in  later  times,  a 
screw  or  lever  press  has  been  frequently  substituted  for  rollers, 
as  occupying  less  room ;  and  this  circumstance  has  sometimes 
led  to  comparisons  being  instituted  between  what  has  been 
called  Mr.  Watt's  copying-press  on  the  one  hand,  and  what 
has  been  called  the  modem  one  on  the  other,  not  always  to 
the  advantage  of  the  former,  on  account  of  its  greater  bulk 
and  weight. 

It  was,  however,  also  proposed  by  Mr.  Watt  in  his  speci- 
fication, to  use,  instead  of  a  rolling-press,  a  screu^press,  "  or 
"  any  other  pressure  sufficient "  for  the  purpose ;  and  in  the 
screw-press  delineated  in  the  drawing  which  accompanied  it,* 
will  at  once  be  recognised  what,  under  a  variety  of  forms 
and  unimportant  modifications,  is  in  fact  the  common  modem 
copying-press.  But  it  will  still,  we  think,  be  found,  that  the 
rollers,  when  properly  managed,  do  their  work  more  effectually 
than  the  screw ;  and  that  Mr.  Watt's  preference  of  them  in 
his  own  practice  was  therefore  not  unfounded. 

On  the  immense  utility  of  tlie  contrivance,  it  is  quite  un- 
necessary to  enlarge ;  but  we  may  observe  that  for  copying 
drawings, — a  purpose  for  which,  though  expressly  specified,  it 
has,  we  believe,  been  in  general  but  seldom  used, — ^its  merits 
are  quite  as  great  as  for  that  to  which  it  is  more  commonly 
applied.  The  drawing  being  made,  as  writings  ought  to  be, 
with  ink  sufficiently  mucilaginous  for  the  purpose,  the  copy  can 
be  taken  either  on  the  common  transparent  copying-paper,  or 
on  unsized  drawing-paper ; — in  the  latter  case,  the  copy  being 
reversed  as  the  impression  of  an  engraved  plate,  care  must  be 
taken  that  any  letters  of  reference,  or  descriptive  titles,  are 
not  added  to  either  the  original  or  the  copy  until  after  the 
latter  has  been  thrown  off.  For  this  purpose,  pressure  be- 
tween rollers  is  decidedly  preferable  to  that  obtained  by  the 
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In  tike  c^fHiAmwit  at  Soho,  h  his  bean  1ki» 
tke.  hj  th<e  ft>i  of  this  e!Xi?eIIent  inrention  of  its  giealtonii^ 
xo  rrtain  cTipies  cf  the  dnvmgs  of  all  the  enginei  bo&iA^^ 
trozn.  that  mancfiKtoiT. 

m 

To  tLi?  «hort  notice  of  the  copTing-machine  wekwo^ 
to  add.  that  the  late  Hr.  James  Watt,  jon.,  haTing,iili 
criiir^  of  hi«  extenare  bosmeas  conespondence  andtLUfiiA 
absence  from  home,  felt  the  inconTenience  of  sepantikala 
BO  usefhl  an  assistant  m  the  labonis  of  the  boreaa  ai  il 
machine  thns  invented  by  his  father,  contrived  an  i  ilnail| 
nsefol  portable  form  of  it  In  this,  small  brass  roUen  tntal 
instead  of  the  larger  and  more  ponderous  iron  ones ;  aadil 
whole  apparatus,  with  a  fall  sapplr  of  stationery,  &c^  k  eo» 
modiooslv  arranged  in  a  trayelling  desk  of  mahogany,  Sill 
more  than  a  foot  sqnare,  and  not  above  six  inches  hi^  lb 
exact  dimensions  of  one  now  before  us  are  13^x  11^  inlfli; 
height  5  inches. 

Of  the  same  date  as  the  copying-maclmie  was  Mr.  Waif i 
invention  of  a  machine  for  drying  linen  and  mnslin  bjsteiB; 
a  drawing  of  which,  with  explanations,  he  sent  to  Mr.lIl^ 
gregor,  his  father-in-law,  on  the  4th  of  February,  1781.  "fc 
**  consists,"  he  then  wrote,  "  of  three  cylinders  of  copp* 
*'  which  the  cloth  must  tnm  over  and  under  while  ihefm 
''  filled  with  steam.  I  have  also  added  to  it  a  drawing  of  Ai 
^  method  by  which  the  water  condensed  may  be  returned  to 
''  the  boiler.  The  joinings  of  the  parts  may  be  made  gcnl 
"  with  soft  solder.  *  *  I  presume  you  understand  Ita 
"  cloth  is  to  be  alternately  wound  off  and  on  the  two  wood* 
"  rollers,  by  which  means  it  will  pass  over  the  three  cvlindoi 
"  in  succession."  Jlr.  Macgregor  had  it  executed,  under  de 
superintendence  of  Dr.  Irvine  and  Mr.  Gilbert  HamiHxm,  liy 
John  Gardiner,  an  ingenious  artisan  whom  Mr.  Watt  hadoAa 
employed  as  one  of  his  journeymen,  in  earlier  yean^  whei 
resident  in  Glasgow.  "  This,"  he  wrote  in  1814  to  Sir  Ihni 
Brewster,  **  I  apprehend  to  be  the  original  fix>m  which  such 
*'  machines  were  made,  and  which,  I  believe,  is  claimed  by 
•*  somebody  else.  If  you  think  it  worth  publication,  I  shtfl 
'*  cause  a  copy  [to  be  made]  and  send  it  you — ^it  posseoei 
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**  some  merit"  The  machine  is  described  in  Brewster's 
Edinburgh  Encyclopaedia,  vol.  xviii.  p.  384*,  and  the  drawing 
of  it  is  engraved  on  plate  dxi.  of  that  work,  figs,  7,  8,  9, 
and  10. 

On  the  25th  of  October,  1781,  Mr.  Watt  took  out  his  third 
patent,  (the  second  of  the  steam-engine  series,)  of  which  the 
specification  was  enrolled  on  the  23rd  of  February,  1782,  "  for 
"  certain  new  methods  of  applying  the  vibrating  or  recipro- 
**  eating  motion  of  steam  or  fire  engines,  to  produce  a  con- 
"  tinned  rotative  motion  round  an  axis  or  centre,  and  thereby 
"  to  give  motion  to  the  wheels  of  mills  or  other  machines." 
The  application  for  this  patent  was  rendered  necessary  by  the 
di£Sculties  that  had  been  experienced  in  working  the  steam- 
wheels  or  rotatory  engines,  such  as  that  described  in  the 
specification  of  1769  ;  and  by  Mr.  Watt  having  been  unfairly 
anticipated  by  Wasborough,  &c.,  in  the  application  of  the 
crank.  "  I  know  the  contrivance,"  he  writes  to  Mr.  Boulton 
in  April,  1781,  "  is  my  own,  and  has  been  stolen  from  me  by 
**  the  most  infamous  means,  and,  to  add  to  the  provocation,  a 
"  patent  surreptitiously  obtained  for  it.  *  *  I  know  fit>m 
"  experiment  that  the  other  contrivance  wliich  you  saw  me 
"  try,  performs  at  least  as  well,  and  has,  in  fact,  many  advan- 
*'  tages  over  the  crank."  And  again,  in  the  same  month,  "  If 
*•  the  King  should  think  Matt.  Wasborough  a  better  engineer 
**  than  me,  I  should  scorn  to  undeceive  him ;  I  should  leave 
"  that  to  Matthew.  The  conviction  would  be  the  stronger, 
"  as  the  evidence  would  be  undeniable  1 " 

In  the  Specification,  no  fewer  than  five  different  methods 
are  enumerated,  by  any  one  of  which  the  proposed  end  might 
be  attained  without  the  intervention  of  a  crank ;  all  of  them 
admitting,  as  therein  mentioned,  of  many  varieties.  The 
fifth  is  that  cx)mmonly  known  as  the  "  Sun  and  Planet 
"  wheels." 

To  all  of  the  five  methods  which  it  describes,  where  heavy 
wheels  or  swift  motions  are  not  otherwise  necessary  for  the 
uses  to  which  the  methods  are  to  be  applied,  the  specification 
recommends  that  a  fly-wheel  should  be  applied  to  equalise 
the  motion.    But,  as  Mr.  Watt  has  observed,  his  application 
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of  the  donble  engine,  (described  in  the  spedficatknotllBI^ 
to  those  rotatiye  machines,  rendered  nnnecesBaiy  the 
weight,  and  produced  a  more  regular  motion;  "sotlkiChI 
says,  ''  in  most  of  our  great  manufactories  these  e^pm\ 
**  supply  the  place  of  water,  wind,  and  hone  mllk\  dk' 
**  instead  of  carrying  the  work  to  the  power,  the  prineigil 
^'  is  placed  wherever  it  is  most  eonyenient  to  the 
"  turer." — (Notes  to  Bobison,  p.  135.) 

''  From  the  time  of  the  first  invention  of  the  iminNl  ^*i 
''  engines,"   (Mr.  Watt  writes  to  his  son,  10th  Nmahf, 
1808),  ^  1  was.desirous  of  applying  them  to  giving  wxiim^ 
**  miUs  in  some  better  way  than  by  raising  water  to  tni 
''  water-wheel.     One  method  I  described  in  the  patent,"  ^i 
of  1769) :  *'  the  reason  why  that  method  was  not  pai8Qed,ft 
^'  ia  now  unnecessary  to  enter  upon.     Of  another  methoil 
'<  made  a  model  soon  after,  which  still  exists  in  an  tib^»'^ 
''  state,  and  several  more  have  since  been  devised  by  mjrit 
**  and  others.     All  these  were  self-acting  rotative  enginei^  Ml 
**  derived  from  the  rectilinear  motion  of  a  piston  in  a  cyliuki^ 
"  They  have  their  respective  merits ;    but  instead  of  beag 
''  more  simple  in  their  construction,  they  are  more  ooofki 
**  than  those  derived  from  reciprocating  motions,  and  un 
"  difficult  in  execution. 

"  The  first  I  know  of,  of  the  latter  kind,  was  one  I  nwi 
**  Hartley  Colliery  about  1768,  which  consisted  of  a  tooM 
''  sector  on  the  end  of  the  working-beam,  working  into  i 
<<  trundle,  which,  by  means  of  two  pinions  with  ratchet  wbeek^ 
^*  produced  a  rotative  motion  in  the  same  direction,  by  boA 
^'  the  ascending  and  descending  stroke  of  the  arch ;  and  \j 
**  shifting  the  ratchets  the  motion  would  be  reversed  at  pie** 
**  sure,  when  one  of  the  ratchets  was  arrived  at  the  bottoa 
''  It  was  employed  to  draw  coals  out  of  a  pit»  had  no  fly- 
wheel, and  went  sluggishly  and  irr^ularly ;  the  name  d 
the  inventor  I  have  long  since  forgotten.  One  Stewaithid 
a  patent  for  an  engine  which  produced  a  rotative  moticm,!? 
**  a  chain  going  round  a  pulley  and  round  two  banek  fin^ 
'<  nished  with  ratchet  wheels,  with  a  weight  suspended  to  tlie 
^  free  end  of  the  chain,  which  served  to  continue  the  motaon 
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^  ^iaring  the  return  of  the  engine.    I  have  never  seen  this, 
^^^^Qt  belieye  there  was  no  fly.     Whether  this  was  the  same 
Mr.  Clarke's  or  not,  I  know  not.     The  next  I  know  of  is 
'^btthew  Wasborough's,  which  was  virtually  the  same  as 
''^2-  ^**  ^  ^^  *^  Hartley,  but  Matthew  had  added  a  fiy-wheely 
iriiichy  as  far  as  I  know,  was  the  first  time  that  had  been 
employed  for  that  purpose.     I  at  present  recollect  nothing 
^^  of  Fitzgerald's  rotative  engine,  but  think  it  was  something 
"^  of  the  ratchet  kind. 

•    *The  true  inventor  of  the  crank  rotative  motion  was  the 

j£  ^'nuui,  (who  upfortunately  has  not  been  dejfied),  that  first 

./  ■*  oontrived  the  common  foot-lathe."     (In  another  letter  to 

;^^  Ub  son  about  the  same  date,  Mr.  Watt  says,   ''  The  real 

s  ^  inventor  of  the  rotative  motion  was  the  man,  be  he  Chinese, 

^  f^  Indian,  Arabian,  Greek,  or  Goth,  who  first  made  a  common 

"  foot-lathe.     The  applying  it  to  the  engine  was  merely 

M  taking  a  knife  to  cut  cheese  which  had  been  made  to  cut 

**  biread.")    "  My  share  in  the  application  I  remember  per- 

**  fectly  to  have  been  as  follows : — One  of  Matthew  Wasbo- 

"  rough's  rotative  engines  was  erected  at  Birmingham,  for  a 

^  rolling-mill,  and  was  much  talked  of.     This  set  me  again 

••  to  think  upon  the  subject,  and  brought  to  my  remembrance 

*•  my  former  meditations  upon  the  crank,  the  date  of  which  I 

"  cannot  ascertain."     It  appears  to  have  been  at  aU  events 

prior  to  1771,  for  early  in  that  year  Mr.  Watt  writes : — "  I 

^  have  at  times  had  my  thoughts  a  good  deal  upon  the 

"  sabject,  but  have  not  hit  upon  anything  decisive :  only  in 

"  general  it  appears  to  me  that  a  crank  of  a  sufiicient  sweep 

"  "will  be  by  much  the  sweetest  motion,  and  perhaps  not  the 

**  dearest,  if  its  durability  be  considered."     "  I  was,  however, 

^  desirous  to  render  the  motion  continued  and  equable  without 

"  a  fly-wheel,  the  regulating  power  of  which  I  did  not  then 

**  folly  appreciate,  nor  the  advantage  to  be  derived  to  the 

<<  engine  from  the  crank  causing  the  motion  of  the  engine  to 

**  be  slow  at  the  beginning  and  end  of  the  stroke ;   which, 

"  however,  a  few  experiments  with  other  contrivances  soon 

^  made  me  sensible  of.     I  then  resolved  to  adopt  the  crank ; 

**  and,  to  equalise  the  power,  I  proposed  to  adoptt  wo  cylinders 


« 
u 


4< 
i< 


282  LIFE  OF  WATT.  CHiY.im  ■&: 

*<  acting  upon  two  cnnks  fixed  npon  the  same  anil m 
*^  angle  of  120  from  each  other,  and  to  place  a  we^btciAi 
**  circnmference  of  the  fly-wheel  at  an  angle  of  120  fromeiA 
**  of  the  cranks ;  which  weight  was  to  be  so  adjosted  as  told 
**  when  neither  of  the  cranks  conld  do  so,  and,  con8eq[i»A|^ 
to  render  the  power  in  itself  nearly  eqnabla    OrtoflM 
the  two  cranks  at  right  angles  to  each  other,  andtokil 
*'  the  outer  end  of  the  working-beams  of  the  two  cylala 
with  weights  eqnal  to  half  the  power  of  the  respectire  efit 
ders,  which  might  act  during  the  time  of  the  asoenti  of  Ai 
respectiye  pistons. 

Of  this  I  caused  a  model  to  be  made,  which  peifenri 
to  satisflEUTtion.  But,  being  then  very  much  engaged  ilk 
other  business,  I  neglected  to  take  a  patent  immediild^ 
and,  having  employed  a  blackguard  of  the  name  of  CM^ 
Wright,  (who  was  afterwards  hanged),  about  this  modd,  i^ 
**  when  in  company  with  some  of  the  same  sort  who  woU 
"  at  Wasborough's  mill,  and  were  complaining  of  its  imgi- 
''  larities  and  frequent  disasters,  told  them  he  could  put  Hm 
*'  in  a  way  to  make  a  rotative  motion  which  would  not  p 
''  out  of  Older  nor  stun  them  with  its  noise,  and  accordiB^ 
'*  explained  to  them  what  he  had  seen  me  do.  Soon  ate 
"  which,  John  Steed,  who  was  engineer  at  Wasborougfa's  nuH 
took  a  patent  for  a  rotative  motion  with  a  crank,  nl 
applied  it  to  their  engine.  Suspicions  arising  of  CM 
**  Wright's  treachery,  he  was  strictly  questioned,  and  confened 
*'  his  part  in  the  transaction  when  too  late  to  be  of  serrioe  to 
'<  us.  I  had  afterwards  a  conversation  with  Steed  upon  ike 
subject,  who  said  that  he  had  made  the  invention  before  bs 
was  informed  of  Cartwright's  communication,  and  had  taka 
*'  his  ideas  from  the  common  foot-lathe ;  and  that  Cartwrighfi 
''  information  had  no  other  effect  than  to  accelerate  his  t^nof 
"  out  the  patent  How  this  was,  I  know  not ;  it  is  certainlj 
"  possible  that  Steed  might  have  invented  it ;  but  w*hat  I  htTB 
"  related  is  the  fact  as  far  as  concerns  my  invention. 

'^  Finding  the  door  thus  closed  upon  us,  and  circumstancei 
''  making  us  unwilling  to  go  to  law  with  the  patentees,  wlucb 
<'  could  only  have  had  the  effect  of  throwing  the  invoiiioD 
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"  open  to  the  public  if  we  had  succeeded,  we  judged  it  better 
"  to  let  it  remain  with  them, — who  did  not  seem  capable  of 
"  doing  us  much  harm, — than  to  let  it  get  into  the  hands  of 
''  men  more  ingenious,  being  sensible  at  the  same  time  that 
"  their  rotative  motion  could  not  do  much  good,  without  it 
"  were  attached  to  our  engines.  We  therefore  thought  it 
"  better  to  take  a  patent  for  several  contrivances  on  the  same 
"  principle,  which  the  former  patentees  never  thought  proper 
"  to  call  in  question.  The  revolving  wheels  was  the  one  which 
"  we  principally  adopted ;  but  the  advantages  of  the  crank  in 
"  point  of  simplicity  have  made  it  now  to  be  generally  used, 
"  and  the  other  to  be  laid  aside,  perhaps  for  ever." 

With  regard  to  the  fifth  method  specified,  that,  namely,  of 
the  '^  sun  and  planet  wheels,"  which  perhaps  was  the  most 
ingenious  and  elegant,  as  well  as  the  most  practiccJly  useful, 
of  all  the  five,  it  is  to  be  obsen'ed  that,  although  its  invention 
dated  from  an  earlier  period  in  Mr.  Watt's  Ufe,  it  seems  to 
have  been  revived  in  the  interval  between  taking  out  the 
patent  and  giving  in  the  specification.  Living  at  that  time 
in  Cornwall,  Mr.  Watt  went  to  Penryn  on  the  25th  of  July, 
1781,  and  made  the  afiidavit  to  accompany  his  petition  for 
the  patent ;  and  on  the  3rd  of  January,  1782,  he  writes  to 
Mr.  Boulton : — "  I  wrote  to  you  on  the  31st,  since  which  I 
"  have  tried  a  model  of  one  of  my  old  plans  of  rotative 
**  engines,  revived  and  executed  by  Mr.  M[urdock],  and  which 
merits  being  included  in  the  specification  as  a  fifth  method ; 
for  which  purpose  I  shall  send  a  drawing  and  description 
next  post  It  has  the  singular  property  of  going  twice 
round  for  each  stroke  of  the  engine,  and  may  be  made  to 
go  oftener  roimd,  if  required,  without  additional  machinery. 
''  The  wheel  A  is  fixed  at  the  end  of  an  axis  which  carries  a 
"  fly ;  the  wheel  B  is  fixed  fast  to  the  con- 
necting-rod from  the  working-beam,  and 
cannot  turn  on  its  axis,  and  is  confined  by 
"  some  means,  so  as  always  to  keep  in  con- 
"  tact  with  the  wheel  A  ;  consequently  by 
"  the  action  of  tlie  engine  it  goes  round  it  and 
'*  causes  it  to  revolve   on  its  axis ;   and  if  the  wheels  are 
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"  equal  in  the  number  of  their  teeth,  A  niU  mak  ti 
^'  reyolutions  while  B  goes  once  lonnd  it'*  Tio  ii 
later,*  ''  I  send  you  the  drawings  of  the  5ih  mediod,  i 
^'  thought  to  have  sent  you  the  description  complete,  but* 
"  late  last  night  before  I  finished  so  {Seut,  and  to-dayliff 
**  headache,  therefore  only  send  you  a  rough  draft  ot  i 
''  The  drawing  is  made  to  ^inch  scale  for  6-feet  stnke 
"  must  be  reduced  to  the  ^inch.  *  ♦  This  5th  m 
''  makes  an  exceeding  good  motion,  and  may  in  many 
''  be  very  useful,  from  its  peculiar  properties."  Ksi 
days  later  still, — "  I  wrote  to  you  on  Saturday,  with  dn 
'*  of  the  5th  method  of  rotatives,  and  endoeed  I  ee 
"  complete  specification  of  that  method." 

The  drawings  for  this  specification  were  made,  in  dv 
by  Mr.  Watt's  own  hand ;  one  of  them  **  on  stamped 
"  ment  for  want  of  plain,"  and  the  other,  ^  in  an 
"  manner  upon  vellum,  being  the  neatest  drawing,"  1 
"  I  ever  made :  and  jT]  have  improved  the  constrai 
'^  several  of  the  machines,  and  represented  their  stai 
"  several  other  parts  necessary.  The  double-toothed  ^ 
[the  sun  and  planet  motion],  ''admit  of  several  c 
"  applications,  one  of  which  admits  the  rotative  whe 
*'  in  the  middle  of  an  axis,  and  that  was  the  origini 
He  says  in  another  letter,  before  the  specification  wa 
in,  ''  1  have  thought  on  some  other  methods  by  whi< 

tive  motions  may  be  made,  but  they  are  inferior  t 

specified,  and  I  feared  the  specification  would  hav€ 
"  four  yards  long."  f 

While  preparing  the  specification  of  the  patent  of  1 
the  five  methods  of  producing  a  continnous  rotative 
roimd  an  axis,  from  the  vibrating  or  reciprocating  nn 
steam-engines,  so  as  to  give  movement  to  mill-wo 
Watt  was  already  arranging  the  contents  of  anothei 
of  quite  as  great  importance.     The  title  of  the  new 


*  To  Mr.  Boulton,  5  January,  1782.  54 ;    and  the  relatiTe  dia 

t  See  the  specification  printed  in  graved  on   Plates   111.  n 

vol.  ill.  of  the  '  Mechanical  Inven-  and  VII.  of  the  aame  volmi 

*  tionB  of  James  Watt,*  1854,  pp.  36  to 
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which  passed  the  Great  Seal  on  the  12th  of  March,  1782,  was 
quite  a  general  one ;  being  "  for  certain  new  improvements 
"  upon  steam  or  fire-engines,  for  raising  water,  and  other 
"  mechanical  purposes,  and  certain  new  pieces  of  mechanism 
"  applicable  to  the  sama"  But  in  the  specification,  which 
was  enrolled  on  the  4th  of  July,  1782,  are  comprehended  the 
following  "  new  improvements : " — 

1.  The  use  of  steam  on  the  expansive  principle;  together 
with  various  methods  or  contrivances,  (six  in  number,  some 
of  them  comprising  various  modifications),  for  equalising  the 
expansive  power. 

2.  The  double-acting  engine ;  in  wliich  steam  is  admitted 
to  press  the  piston  upwards  as  well  as  downwards ;  the  piston 
being  cJso  aided  in  its  ascent  as  well  as  in  its  descent  by  a 
vacuum  produced  by  condensation  on  the  other  side. 

3.  The  double-engine ;  consisting  of  two  engines,  primary 
and  secondary,  of  which  the  steam-vessels  and  condensers 
communicate  by  pipes  and  valves,  so  that  they  can  be 
worked  either  independently  or  in  concert ;  and  make  their 
strokes  either  alternately  or  both  together,  as  may  be  re- 
quired. 

4.  The  employment  of  a  toothed  rack  and  sector,  instead 
of  chains,  for  guiding  the  piston-rod. 

5.  A  rotative  engine,  or  steam-wheel. 

1.  It  appears  from  one  of  Mr.  Watt's  letters,  (to  Mr. 
Boulton,  19th  November,  1781),  that  he  had  first  thought  of 
the  expansive  engine  in  1767 ;  and  had  cJso  explained  it  to 
Mr.  Smeaton,  at  Soho,  some  years  previous  to  1781.  Its 
principle  is  a  curious  one,  and  appears  at  first  paradoxical ; 
for,  in  fact,  by  cutting  off  the  supply  of  steam  at  a  certain 
point  before  the  steam-vessel  or  cylinder  is  full,  the  same 
effect  is  produced  as  if  the  steam-vessel  had  been  entirely 
filled  with  steam :  the  expansion,  or  elastic  force  which  the 
steam  exerts,  doing  the  same  work  that  in  the  other  case 
would  have  been  done  by  a  greater  quantity  of  steam,  and, 
therefore,  a  further  expenditure  of  fuel.  The  proportion  of 
steam  specified  by  Mr.  Watt  as  being  most  convenient  for 
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don,  in  common  nse,  was  one-fourth  of  the  txxMiki 
the  steam-yessel ;   prodndng  an  effect  equal  to  mote  te 
one-half  the  effect  that  would  have  been  produced  bad  Mi 
been  admitted  to  ent^  freely  into  the  cylinder  during  h 
whole  length  of  the  stroke  of  the  piston.     But  he  adli  ^ 
any  other  proportion  would  produce  similar  [pi^qpoitiflM^ 
effects,  and  that  in  practice  he  did  vary  the  proportiM 
accordingly. 

But  the  powers  thus  exerted  by  the  steam  being  jmfA 
at  different  periods  of  the  stroke,  while  the  resistance  litB 
overcome,  or  work  to  be  done,  by  the  engine,  was  soppiBl 
to  be  equal  throughout  the  whole  length  of  each  8tidn»l 
was  necessary  to  equalise  the  power  of  the  engine;  far 
doing  which  six  different  methods  are  specified.  And,« 
of  two  of  them,  (viz.  the  first  and  third),  there  aro  tio 
varieties,  and  of  another,  (viz.  the  fifth),  there  are  foorTsi* 
eties,  we  have  here  no  fewer  than  eleven  varieties  of  saA 
equalising  machinery  described,  for  particulars  of  aU  of  iridi 
reference  must  be  made  to  the  specification,  and  lebtife 
plates. 

To  exhibit  some  of  those  "  equalisers "  in  their  embno 
stage,  we  may  give  from  Mr.  Watt's  correspondence  the  W- 
lowing  extracts,  written  between  the  date  of  his  making  tb 
aflBdavit  to  accompany  the  petition,  and  the  enrolment  rfthe 
specificittion.  The  extracts  are  all  from  letteis  written  to 
Mr.  Boulton,  fix)m  Cosgame,  (in  Cornwall),  and  are  dsled 
respectively  the  9th,  11th,  and  14th  of  February,  1782 :— **! 
"  have  nothing  new  to  advise  you  of,  except  a  new  method  of 
"  an  equalising  beam,  by  causing  the  gudgeon  to  change  its 
"  place,  thus — 


f 


'1 


"  The  working-beam  is  made  hollow  on  the  under-side,  and 
"  rests  upon  a  roller  which  has  an  axis  through  it,  and  thk 
'^  axis  has  a  wheel  fixed  upon  each  end  of  it,  unconnected 
"  with  the  roller,  but  connected  together  by  means  of  the 
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"  equalisers; 
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**  axis.     At  beginning  of  the  stroke  the  roller  and  beam 


"  stand  thus — 


;  but  as  the  engine-end 
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descends,  the  curve  forces  the  roller  to  travel  towards  the 
pump-end,  and  vice  versa.  N.B.  The  wheels,  and  not  the 
roller,  rest  upon  the  fulcrum  or  support  I  have  also  made 
sketches  of  some  equalising  beams,  which  perform  by  means 
of  a  roller  acting  upon  a  curve  in  the  nature  of  the  working 
gear ;  the  engine  pulls  by  the  arch  C,  and  the  pump  is  hung 
to  the  arch  P ;  the  roller  travels  about  the  length  of  the 
stroke,  and  the  curve  permits  a  perfect  equalisation ;" — "  I 
have  filled  one  whole  sheet,  royal,  with  equalisers,  and  shall 
probably  fill  another  before  I  am  done ;" — "  I  remark  what 
you  said  in  your  last  about  equalisers,  and  had  thought  of 


A^ 


the  same ;   below  are  two  new  ones.     But  the  flyer  is  the 
best  of  all,  and  will  prove  the  true  equaliser,  and  will  have 
much  less  friction  than  any  other.     It  may,  however,  be 
"  combined  with  some  of  the  most  simple  ones ;    and  the 


a 


a 


"  weight  raised  by  the  back-stroke  may  bo  placed  so  far 
"  above  the  centre  as  in  some  measure  to  equalise  itself." 
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2.  The  double-acting  engine,  as  appears  from  the  ktali 
Mr.  Boulton  already  refened  to,  where  Mr.  Wattcilbiliil 
"  double  cylinder,"  was  also  imagined  by  him  about  1% 
A  large  drawing  of  it  on  parchment,  now  in  onrfOBBttii^ 
made  from  a  sketch  by  Mr.  Watt,  was  laid  before  theC* 
mittee  of  the  House  of  Commons  when  Mr.  Watt  ym  A 
citing  the  Act  of  Parliament  for  the  extension  of  thepM 
in  1774-5.  The  reason  of  it  not  having  been  Boonet  secnl 
by  a  patent,  was  the  difficulty  which  its  inyentor  *)A 
"  encountered  in  teaching  others  the  construction  andwrf 
*'  the  single  engine,  and  in  oyercoming  prejudices :" — aodlki 
patent  of  1782  was,  even  then,  taken  out  only  in  coDsequflM 
of  Mr.  Watt  **  finding  himself  beset  with  an  host  of  pligiiBi 
"  and  pirates."  In  the  same  time,  and  with  aknost  the  m 
machinery,  the  engine  on  this  new  principle  was  enaUeili 
do  double  the  work  of  the  single  engine,  independent  of  Ai 
additional  saving  resulting  from  the  use  of  the  esfiUBt 
principles  already  explained,  by  which  it  could  be  usediii 
double-acting  expansive  engine;  in  which  case  the  foaiA» 
fifth,  and  sixth  of  the  contrivances  for  equalising  the  pofcn 
of  the  steam  are  specified  as  being  peculiarly  applicabla 

One  of  the  earliest  double-acting  engines  completed  toot  ab 
was  one  of  those  for  the  Albion  Mills,  erected  in  1786,  at  Ae 
south-east  corner  of  Blackfriars  Bridge.  "  The  mention  rf 
"  the  Albion  Mills,"  says  Mr.  Watt,  '' induces  me  to  aji 
"  few  words  respecting  an  establishment  so  unjustly  caha* 
'*  niated  in  its  day,  and  the  premature  destruction  of  whidn 
"  by  fire,  in  1791,  was,  not  improbably,  imputed  to  deeqiii 
'^  So  far  from  being,  as  misrepresented,  a  monopoly  injniioQi 
''  to  the  public,  it  was  the  means  of  considerably  reducing  tliB 
"  price  of  flour  while  it  continued  at  work. 

"  It  consisted  of  two  engines,  each  of  fifty  horses'  power, 
"  and  twenty  pairs  of  millstones,  of  which  twelve  or  more 
"  pairs,  with  the  requisite  machinery  for  dressing  the  fkwr 
"  and  for  other  purposes,  were  generally  kept  at  work,  h 
"  place  of  wooden  wheels,  always  subject  to  frequent  derange- 
ment, wheels  of  cast-iron,  vdth  the  teeth  truly  formed  vA 
finished,  and  properly  proportioned  to  the  work  were  here 
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"  employed  ;  and  otlier  machinery,  whieli  used  to  be  made  of 
"  wood,  was  made  of  cast-iron,  in  improved  forms ;  and  I 
"  believe  the  work  executed  here  may  be  said  to  [have] 
"  form[ed]  the  commencement  of  that  system  of  mill-work 
"  which  has  pmved  so  useful  to  this  country.  In  the  con- 
"  struction  of  that  mill-work  and  machinery,  Boulton  and 
"  Watt  derived  most  valuable  assistance  from  that  able 
"  mechanician  and  engineer,  Mr.  John  Rennie,  then  just 
"  entering  into  business,  who  assisted  in  planning  them,  and 
"  under  whose  direction  they  were  executed.  The  engines 
"  and  mill-work  were  contained  in  a  commodious  and  elegant 
"  building,  designed  and  executed  under  the  direction  of  the 
"  late  Mr.  Samuel  Wyatt,  architect."  * 

We  may  add,  that  Mr.  Peter  Ewart  was  then  Rennie's 
apprentice,  was  sent  for  from  Scotland  expressly  to  assist  in 
the  erection  of  those  mills,  and  was  employed  for  four  years 
upon  them  as  a  millwright ;  when  liis  great  mechanical  talents 
and  industry  sufficiently  recommended  him  to  liis  future  em- 
ployers, patrons,  and  friends,  Messrs.  Boulton  and  Watt.t 

We  have  here  spoken  of  the  "  double-acting "  engine,  (a 
name  sometimes  applied  to  it  on  its  first  introduction),  to  dis- 
tinguish it  from  the  next  of  the  new  improvements  included 
in  the  specification  of  1782,  viz. : — 

3.  The  double,  or  compound  engine ;  the  nature  and  advan- 
tages of  which  are  thus  shortly  described  by  Mr.  Watt : — "  A 
"  new  compound  engine,  or  method  of  connecting  together  the 
"  cylinders  and  condensers  of  two  or  more  distinct  engines,  so 
"  as  to  make  the  steam  wliich  has  been  employed  to  press  on 
"  the  piston  of  the  first,  act  expansively  upon  the  piston  of 
"  the  second,  &c.,  and  thus  derive  an  additional  power  to 

act  either  alternately  or  conjointly  with  that  of  the  first 
cylinder."  % 

4.  Toothed  rack  and  sector,  instead  of  chains,  for  guiding 
the  piston-rod.    In  consequence  of  Mr.  Watt's  beautiful  inven- 


*  Notes  on  Robiuon,  p.  137.  *  Annual  General  Meeting,  January 

t  See  the  •  Address  of  tlie  rresi-  •  17,  184.S.' 

•  dent,*  James  Walker,  Esq.,  *of  tho         %  Notes  on  Robison,  p.  150. 

*  Institution  of  Civil  Engineers,  to  the 
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tion  of  the  Parallel  Motion,  made  at  no  distant  date  from  that 
of  this  specification,  the  rack  and  sector  may  be  looked  on  as 
having  been  only  a  temporary  expedient  to  avoid  the  incon- 
veniences which  had  been  fomid  to  result  from  the  old  system 
of  chains  connecting  the  piston-rod  with  the  beam. 

5.  Botative  engine,  or  steam-wheel.  For  the  reason  already 
mentioned  when  treating  of  the  patent  of  1781,  viz.  that  "  self- 
^'  acting  rotative  engines,  not  derived  from  the  rectilinear 
''  motion  of  a  piston  in  a  cylinder,  instead  of  being  more 
'^  simple  in  their  construction,  are  more  complex  than  tho»e 
'^  derived  from  reciprocating  motions,  and  more  difficiilt  in 
'^  execution,"  it  seems  unnecessary  to  enlarge  on  this  article, 
which  is  fully  described  in  the  specification.* 


*  Bee    the   spedficatioii   of    Hum  graved  in  the  nine  Tolume,  Plates 

third  Bteam-eng^o  patent,  printed  in  VIII.,  IX.,  X.,  XI.,  XII.,  XIII., 

yol.  iu.  of  the  •Mechanical  Inven-  XIV..  XV.,  XVI.,  XVII.,  XVIII., 

'  tiona  of  James  Watt,*  1854,  pp.  55  to  and  XIX« 
87;  and  the  relative  drawings,  en- 
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CHAPTER  XIX. 


TILT-HAMMER  —  PATENT  OF  1784  —  PARALLEL  MOTION  —  LOCO- 
MCyriVK  8TEAM-CARRIAGE8  —  CX)UNTKR  —  THROTTLE-VALVE  —  GOVERNOR 
^  STEAM  BAROMETER  OR  FLOAT  —  STEAM-GAUGE — INDICATOR  —  MOST 
XNYKNTIVS  PERIOD  OF  MR.  WATT*8  LIFE  —  DEATH  OF  HIS  FATHER  — 
PATENT  OF   1785  —  CONSUMPTION   OF   SMOKE. 


1.1 


JL  FAVOURITE  employment  of  Mr.  Watt  in  the  workshops  at 
'8olio  in  the  latter  months  of  1783  and  earlier  ones  of  1784, 
was  to  teach  his  steam-engine,  now  become  nearly  as  docile 
IM  it  was  powerful,  to  work  a  tilt-hammer  for  forging  iron 
and  making  steel.  So  far  back  as  3  May,  1777,  he  had  in- 
fimned  Mr.  Boulton  that  "  [John]  Wilkinson  is  going  to  work 
**  in  the  forge  way,  and  wants  an  engine  to  raise  a  stamp  of 
•*  15  cwt.  thirty  or  forty  times  in  a  minute.  I  have  set  Webb 
*  to  work  to  try  it  with  the  little  engine  and  a  stamp-hammer 
**  of  60  lbs.  weight.  Many  of  these  battering  rams  will  be 
**  wanted  if  tliey  answer."  During  his  long  absence,  and 
eonstant  occu})ation  in  Cornwall,  this  labour  seems  to  have 
been  intermitted ;  and  we  do  not  find  it  resumed  in  earnest 
till  November,  1782.  Then  "  the  rotative  motion  and  mill 
**  part  answered  to  every  expectation,  but  the  hammer-frame 
and  anvil-block  were  not  sufficiently  secured,  which,  how- 
ever, I  have  given  orders  for  doing.  And  as  the  engine  has 
**  a  great  overplus  of  power,  I  mean  to  increase  the  weight  of 
**  the  hammer  to  about  1^  cwt.,  and  to  cause  it  to  make  250 
"  or  300  strokes  per  minute,  by  diminishing  the  height  it 
"  rises  to  9  or  10  inches.  The  present  facts  are,  cylinder,  15 
**  inches  diameter,  and  4  feet  stroke,  25  strokes  per  minute ; 
"  hammer  makes  6  blows  per  stroke  of  the  engine ;  fly  under 
**  5  cwt,  and  7  feet  diameter ;  hammer  120  lbs.,  and  18  inches 
*'  wide ;  it  strikes  a  good  blow,  and  forges  iron  very  well. 
"  The  camms  were  wood,  and  were  cut  all  to  pieces  by  the 
"  anvil-block  sinking.     I  have  ordered  steel  ones  to  be  made, 

u  2 
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"  which  I  expect  will  stand  it."  *     On  the  30th  of  Kovenlw 

he  says, — "  I  saw  the  tilt  go  admirably  from  16  to  24  stnbi 

"  per  minute,  and  it  could  have  gone  much  faster,  bat  m 

*^  men  could  not  work  the  iron  under  it.     Joseph  said  Ai 

"  yesterday  they  made  it  go  28  strokes  per  minute,  idiiii 

"  much  more  than  the  engine  should  do  by  my  calcditwi;  I 

"  but  in  the  midst  of  our  glory,  the  hammer  helye  broke:  i 

**  appears  to  have  been  rotten.     The  steel  camms  aDS^rermy 

"  well,  and  the  whole  will  answer  better  when  made  to  taw 

*^  a  less  lift  and  more  strokes,  as  it  ^-ill  then  answer  for  i 

*'  common  tilt  for  steel ;  at  present  the  blow  is  so  strong.  Alt 

"  we  dare  not  attempt  to  hack  a  piece  of  iron  under  IJ  mk 

"  square,  otherwise  it  knocks  it  to  pieces.     By  the  hif  i 

"  some  more  weight  on  the  outer  end  of  the  beam,  it  goa» 

regular  that  you  cannot  tell  when  the  engine  is  going  «* 

or  when  coming  in."     On  the  12th  of  December, — "  I  wrtt 

"  out  to  Soho  yesterday  forenoon,  hoping  the  engine  wobU 

"  be  ready  for  trial,  but  it  was  not.     In  the  eremng  tlwy 

"  wrought  it  2  hours,  240  blows  per  nrinute,  rise  of  hammer 

«  8  inches."   On  the  13th,—"  We  have  tried  our  little  tiWiif 

"  forge  hammer  at  Soho,  with  success.     The  following  vt 

"  some  of  the  particulars  : — cylinder  15  inches  diameter,  4 

"  feet  stroke,   strokes    per  minute  20.     The  hammer-beii 

"  120  lbs.  weight,  rises  8  inches,  strikes  240  blows  per  minute. 

"  The  macliine  goes  quite  regular,  and  can  be  managed  ai 

"  easily  as  a  water-mill.     It  requires  a  very  small  quantitr 

"  of  steam,  not  above  half  the  contents  of  the  cylind^  per 

"  stroke.     The  power  employed  is  not  more  than  \  of  lAat 

"  would  be  required  to  raise  the  quantity   of  water  whick 

"  would  enable  a  water-wheel  to  work  the  same  hammer  with 

"  the  same  velocity."     Next  month,  they  were  "  making  an- 

"  other  to  work  a  hammer  of  700  lbs.,  which  will  soon  be  it 

"  work."     This  was  for  Mr.  John  Wilkinson  at  Bradlev,  and, 

on  the  27th  of  April,  1783,  Mr.  Watt  WTites,  "We  have  had  a 

"  trial  of  our  new  forge-engine  at  Bradley  ;  cylinder  42  inches 

"  diameter,  6  feet  stroke.     Makes  from  15  to  50  (even  60 


♦  To  Mr.  Boulton,  28  November,  1782. 
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••  strokes  per  minute)  at  pleasure,  works  a  hammer  of  7^  cwt. 

f  raised  2  feet  high,  which  makes  G  strokes  per  stroke  of  tho 

**  engine,  and  has  struck  300  blows  per  minute ;  we  are,  how- 

•*  ever,  going  to  make  it  strike  only  4^  blows  per  stroke  of 

^  the  engine,  because  we  want  tlie  latter  to  go  20  strokes  j)er 

•*  minute,  and  they  want  only  90  blows  of  the  hammer  in 

••  that  time  ;  but  will  increase  the  weight  of  the  hammer  to 

■•  10  cwt.     N.B.  The  engine  is  to  work  two  hammers,  but  is 

••  capable  of  working  four  hammers,  of  7  cwt  each." 

In  a  letter  written  on  the  previous  day,  he  had  said,  with 
excusable  pride,  "  I  believe  it  is  a  thing  never  done  before, 
**  to  make  a  hammer  of  that  weight  make  300  blows  per 
■•  minute ;  and,  in  fact,  it  is  more  a  matter  to  brag  of  than 
**  for  any  other  use,  as  the  rate  wanted  is  from  90  to  100 
**  blows,  being  as  quick  as  the  workmen  can  manage  the  iron 
"  under  it" 

This  most  valuable  application  of  steam-power  was,  accord- 
ingly, reserved  for  insertion  in  yet  another  j^atent,  which  j\Ir. 
Watt  took  out  on  the  28th  of  April,  1784.  The  relative  spe- 
cification, enrolled  on  the  25th  of  August  in  that  year,  may 
probably  be  viewed  as  second  in  importance  to  none  of  those 
prepared  by  Mr.  Watt  subsequent  to  that  of  the  Separate 
Ciondenser  in  1769  ;  as,  besides  many  improvements  now  of 
minor  consequence,  such  as  steam-wheels,  balancing  of  pump- 
rodfly  communication  of  motion  from  the  same  engine  to  two 
separate  primary  axes,  and  apparatus  for  opening  the  regu- 
lating-valves with  rapidity,  it  contains  various  methods  of 
converting  a  circular  or  angular  motion  into  a  perpendicular 
or  rectilineal  motion, — one  of  those  methods  being  the  well- 
known  and  much-admired  Parallel  Motion ; — a  method  of 
working  a  tilt-hammer  for  forging  iron„  making  steel,  &c.,  by 
steam; — and  the  application  of  the  steam-engine  to  give 
motion  to  wheel  carriages  for  carrying  persons  or  goods. 

Of  the  last-mentioned  invention,  and  of  its  inventor's  views 
of  the  subject  of  locomotion  by  steam,  in  general,  we  sliall 
presently  treat.  Of  the  invention  of  the  Parallel  Motion, — a 
beautiful  mechanical  puzzle  which  different  philosophers  have 
attempted  to  explain  in  various  ways,  but  which  has  uniformly 
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commanded  the  admiration  of  all  who  either  campRheil 
the  principles  on  which  it  acts,  or  behold  the  asuo&immt 
orderly  power,  and  ''sweet  simplicitj"  of  its  moTenoAi^ 
— we  find  the  following  account  in  a  letter  from  Mr.  Watt  li 
his  son,  already  cited ;  (Mr.  Watt  to  Mr.  James  Witt,  IQlk 
November,  1808)  :— 

"  The  idea  originated  in  this  manner.  On  finding  doib 
''  chains,  or  racks  and  sectors,  yery  ineonTenient  for  ctmaat 
*^  nicating  the  motion  of  the  pistoDr-rod  to  the  angolar  molMi 
"  of  the  working-beam,  I  set  to  work  to  try  if  I  could  Ml 
'*  contrive  some  means  of  performing  the  same  from  motkw 
''  turning  upon  centres,  and  after  some  time  it  occurred  to 
**  me  that  AB,  CD,  being  two  equal  radii  revolving  on  tfcp 
**  centres  B  and  C,  and  connected  together  by  a  rod  AD,ii 


''  moving  through  arches  of  certain  lengths,  the  vaiiitkiM 
om  the  straight  line  would  be  nearly  equal  and  oppofll^ 
[id  that  the  point  E  would  describe  a  line  nearly  straight 
"  and  that  if  for  convenience  the  radius  CD  was  only  half  rf 

AB,  by  moving  the  point  E  nearer  to  D,  the  same  wooU 

take  place ;  and  from  this  the  construction,  afierwaids  calkd 
"  the  i)arallel  motion,  was  derived.  *  ♦  Though  I  am  not 
"  over  anxious  after  fame,  yet  I  am  more  proud  of  the  panlM 
"  motion  than  of  any  other  mechanical  invention  I  have  ever 
"  made." 

See  also  on  this  subject  Mr.  Watt's  Appendix  to  *  Bobison  ob 
*  Steam  and  Steam-engines,'  pp.  152, 153  ;whcre  he  mentions 
that  "  the  invention  was  made  in  the  latter  end  of  1783." 

The  manner  in  which  we  find  the  contrivance  of  this 
admirable  piece  of  mechanism  first  recorded  in  his  ccmtp- 
spondence,  although  six  months  later  than  the  date  thus 
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assigned  to  it  by  Mr.  Watt,  is  interesting : — "  I  have  started 
"  a  new  hare.  I  have  got  a  glimpse  of  a  method  of  causing 
"  a  piston-rod  to  move  up  and  down  perpendicularly,  by  only 
fixing  it  to  a  piece  of  iron  upon  the  beam,  without  chains, 
or  perpendicular  guides,  oruntowardly  frictions,  arch-heads, 
or  other  pieces  of  clumsiness  ;  by  which  contrivance,  if  it 
answers  fully  to  expectation,  about  five  feet  in  the  height 
"  of  the  [engine-]  house  may  be  saved  in  8-feet  strokes,  which 
"  I  look  upon  as  a  capital  saving ;  and  it  will  answer  for 
"  double  engines  as  well  as  for  single  ones.  I  have  only  tried 
"  it  in  a  sliglit  model  yet,  so  cannot  build  upon  it,  though  I 
think  it  a  very  probable  thing  to  succeed,  and  one  of  the 
most  ingenious  simple  pieces  of  mechanism  I  have  con- 
trived, but  I  beg  nothing  may  be  said  on  it  till  I  specify."  * 
And  again,  on  the  11th  of  July : — "  I  have  made  a  very  large 
"  model  of  the  new  substitute  for  racks  and  sectors,  which 
^'  seems  to  bid  fair  to  answer.  The  rod  goes  up  and  down, 
"  quite  in  a  perpendicular  line,  without  racks,  chains,  or 
"  guides.  It  is  a  perpendicular  motion  derived  bom  a  com- 
"  bination  of  motions  about  centres,  very  simple,  has  very 
''  little  friction,  has  nothing  standing  higher  than  the  back 
"  of  the  beam,  and  requires  the  centre  of  the  beam  to  be 
only  half  the  stroke  of  the  engine  higher  than  the  top  of 
the  piston-rod  when  at  lowest,  and  has  no  inclination  to  pull 
the  piston-rod  either  one  way  or  another  except  straight  up 
and  down.  It  has  rather  more  power  at  beginning  and  end 
''  of  the  stroke  than  in  the  middle, — I  think  about  one-sixth ; 
"  which  I  believe  will  do  no  hurt  in  rotative  motions,  and 
''  little  in  any  casa  Beams  mounted  in  this  way  need  no 
"  arches ;  and  the  whole  iron-work  will  not,  I  think,  be  more 
than  chains,  martingales,  and  their  appendages,  if  quite  so 
much.  However,  don't  pride  yourself  on  it ;  it  is  not  fairly 
"  tried  yet,  and  may  have  unknown  faults.  Where  it  is 
'^  used,  the  beams  will  be  best  above  the  centre  of  motion, 
"  which  will  answer  double  engines  very  well,  and  may  in 
"  most  cases  be  dispensed  with  in  the  others."     On  the  2l8t 
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of  October,  1784,  he  writes: — "The  new  centiilpeij»^fc5?vi'^ 
''  dicular  motion  answers  beyond  expectation,  and  doeiiA 
**  make  the  shadow  of  a  noise."  • 

The  manufacturing  profits  which  Boulton  and  Watt  i% 
lated  to  receive  &om  the  Cornish  miners  who  nsed  t!beir» 
gines,  were  at  first  one-third  of  the  savings  of  fad  ndetf 
each  engine,  when  compared  with  a  common  one  banmgli 
same  kind  of  coal,  to  be  paid  annually  or  half-yearly,  ifta 
option  of  redemption  at  ten  years'  purchase.    In  point  dH 
they  did  not  receive  nearly  that  proportion ;  but  still,  flk 
was  the  agreement  made,  and  such,  had  it  been  honestly  lir 
hered  to  on  the   side  of  the  miners,   would  have  beea  ftl 
amount  paid.     It  therefore  became  essential  to  ascertain  Ai 
exact  number  of  strokes  made  by  each  engine  during  Hi 
given  time,  and  that  in  a  way  that  should  be  independent rf 
all  possibility  of  deception  or  interference  by  those  emjfcjfi 
about  the  engine.     This  object  was   fully  attained  by  II 
Watt's  invention  of  his  "  Counter ;"  a  neat  piece  of  dock- 
work  containing  a   pendulum,   a  train   of  wheels  with  tt 
escapementf  and  several  dials  like  those  of  watches  gradnatrf 
with  numbers,  and  each  with  its  index  :  the  first  index  rnnk* 
ing,  on  its  own  dial,  tens ;    the  next,  hundreds ;  the  neit» 
thousands ;  and  so  on  in  the  same  ratio  up  to  any  lequiiri 
amount.     Eight  dials,   with  their  respective   indices,  iren 
found  sufficient  to  count  the  strokes  of  an  engine  going  ooi- 
stantly,  day  and  night,  for  a  year.     The  pendulum  was  bd 
horizontally  and  transversely  across  the  width  of  the  beam, 
with  the  axes  of  the  wheels  vertical,  while  the  beam  W8 
horizontal,  and  the  piston  at  the  middle  of  a  stroke  :  thus  at 
every  inclination  of  the  beam  either  downwards  or  upwaidi, 
the  i)endulum  moved  across  the  width  of  the  box,  and,  by  tke 
vibratory  movement  of  the  pendulum  and  pallets,  the  escape* 
ment  wheel  was  turned  one  tooth  for  each  complete  stroke  of 
the  piston.     And  the  whole  work  of  the  counter  being  en- 
closed in  a  box  wliicli  was  fastened  by  screws  from  within  on 

*  Tho  specification  of  the  patent  and   the  relative   drawings   are  «•• 

of  Aj)ril  28th,  1784,  is    printed   in  p^avcd  on  Plates  XX.,  XXI^  XXIU 

the  *  Mechanical  Inventions  of  James  XXIII.,     XXIV.,     XXV.,    XXVI^ 

•  Watt,"  1854.  vol.  iii.,  pp.  88  to  114 ;  XXVII..  and  XXVUI. 
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the  great  beam  of  the  engine  and  then  locked,  was  inacces- 
sible except  to  those  in  possession  of  the  key. 

Some  other  equally  ingenious  inventions,  introduced  by 
Mr.  Watt  at  various  periods,  very  greatly  increased  the  utility 
of  the  engine ;  and  although  it  would  be  vain  here  to  attempt 
to  give  anything  like  a  complete  enumeration  of  his  almost 
endless  contrivances  connected  with  the  details  of  the  different 
|3art8,  yet  we  may  mention  especially,  as  among  the  leading 
improvements,  the  Throttle-Valve,  the  application  of  the 
Governor,  the  Barometer  or  Float,  the  Steam-Gauge,  and  the 
Indicator. 

The  great  use  of  the  Tlirottle- Valve  was  to  regulate  the 
speed  of  the  rotative  engines  for  mill- work,,  a  matter  essential 
to  their  application  to  cotton-spinning  and  many  other  like 
purposes ;  it  is  described  by  Mr.  Watt  as  "  a  circular  plate  of 
metal,  having  a  spindle  fixed  across  its  diameter,  the  plate 
being  accurately  fitted  to  an  aperture  in  a  metal  ring  of 
some  thickness,  tln-ough  the  edgeway  of  wliich  the  spindle 
"  is  fitted  steam-tight,  and  the  ring  fixed  between  the  two 
fianches  of  the  joint  of  the  steam-pipe  which  is  next  to  the 
cylinder.  One  end  of  the  spindle,  which  has  a  square  upon 
"  it,  comes  through  the  ring,  and  has  a  spanner  fixed  upon  it, 
"  by  which  it  can  be  turned  in  either  direction.  \Vhen  the 
"  valve  is  parallel  to  the  outsides  of  the  ring,  it  shuts  the 
"  opening  nearly  perfectly ;  but  when  its  plane  lies  at  an 
"  angle  to  the  ring,  it  admits  more  or  less  steam  according  to 
"  the  degree  it  has  opened  ;  consequently  the  piston  is  acted 
"  upon  with  more  or  less  force.  For  many  purposes  engines 
**  are  thus  regulated  by  hand  at  the  pleasure  of  the  attendant ; 
"  but  where  a  regular  velocity  is  required,  other  means  must 
"  be  applied  to  open  and  shut  it,  without  any  attention  on 
"  the  part  of  those  who  have  the  care  of  it. 

"  For  this  purpose  Mr.  Watt  had  various  methods,  but  at 
"  last  fixed  upon  what  he  calls  the  Governor,  consisting  of  a 
perpendicular  axis,  turned  by  the  engine :  to  a  joint  near  the 
top  of  this  axis  are  suspended  two  iron  rods  carrying  heavy 
"  balls  of  metal  at  their  lower  ends,  in  the  nature  of  i)endu- 
"  lums.     When  this  axis  is  put  in  motion  by  the  engine,  the 
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''  balls  recede  from  the  perpendicular  by  the  cestrihgiifaa 
<'  and,  by  means  of  a  combinatioii  of  leyen  fixed  to  Ik 
''  upper  end,  raise  the  end  o£  a  leyer  which  acts  npoil 
*^  spanner  oi  the  throtUe-YalYey  and  shuts  it  more  «) 
according  to  the  speed  of  the  engine,  so  that  as  tkeidi 
augments,  the  yalve  is  shut,  until  the  speed  of  the  fl^ 
and  the  opening  of  the  valve  come  to  a  maxiiniB, 
balance  each  other.  The  application  of  the  ceubi 
principle  was  not  a  new  invention,  but  had  been  «p(B 
others  to  the  regulation  of  water  and  wind  milk,*  and 
things ;  but  Mr.  Watt  improved  the  mechanism  by  i 
acted  upon  the  machines,  and  adapted  it  to  his  en^ 
"  Such,"  says  M^  Arago, — in  describing  Mr.  WatVs  i 
tion  to  the  steam-engine  of  the  "^fowmor,"  or  "regu 
centrifugal  force," — "  was  its  efficacy,  that  there  v 
seen  at  Manchester  a  few  years  ago,  in  the  cottoi 
Mr.  Lee,  a  man  of  great  mechanical  talents,  a  cIcm 
^*  was  set  in  motion  by  the  steam-engine  used  in  tl 
"  and  which  marked  time  very  well,  even  beside  a 
"  pendulum  clock."  * 

'^  From  the  beginning,  Mr.  Watt  applied  a  gauge 
'^  the  height  of  the  water  in  his  little  boiler,  which 
^'  of  a  glass  tube  communicating  at  the  lower  end 
"  water  in  the  boiler,  and  at  the  upper  end  with  i 
"  contained  in  it.  This  gauge  was  of  great  use  in  h 
*'  ments,  but  in  practice  other  methods  are  adopted. 
"  always  used  a  barometer  to  indicate  the  degree  o: 
"  tion  in  his  engines.  Sometimes  that  instrume 
'^  usual,  a  glass  tube  33  or  34  inches  long,  imn 
"  bottom  in  a  cistern  of  mercury,  and  at  top  comm 
'<  by  means  of  a  small  pipe  and  cock  with  the  condei 
"  oscillations  are  in  a  great  degree  prevented  by  1 
"  the  passage  for  the  steam  by  means  of  the  cock. 

"  But,  as  glass  tubes  were  liable  to  be  broken  by  t 
"  men,  barometers  were  made  of  iron  tubes,  in  the 


*  Translation  of  the  *£Ilogo  of  tlio  woll-known  authoree 
*  Wutt/  p.  87.  ed.  1839.— Mr.  Lee  wa«  *  Canterbury  Talee,'  (1797 
a  brother  of  Sophia  and  Harriet  Lee,     of  Heverul  other  woika. 
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inverted  syphons,  one  leg  abont  half  the  length  of  the 
other ;  to  the  upper  end  of  the  long  leg  a  pipe  and  cock 
were  joined,  which  communicated  with  the  condenser;  a 
proper  quantity  of  mercury  was  poured  into  the  short  leg 
of  the  syphon,  and  naturally  stood  level  in  the  two  legs :  a 
light  Float  with  a  slender  stem  was  placed  in  the  short  leg, 
and  a  scale,  divided  into  half-inches,  applied  to  it,  which 

"  (as  by  the  exhaustion  the  mercury  rose  as  much  in  the  long 

"  leg  as  it  fell  in  the  short  one),  represented  inches  on  the 

"  common  barometer. 

"  The  Steam-Gauge  is  a  short  glass  tube  with  its  lower  end 

"  immersed  in  a  cistern  of  mercury,  which  is  placed  within 
an  iron  box  screwed  to  the  boiler  steam-pipe,  or  to  some 
other  part  communicating  freely  with  the  steam,  which, 
pressing  on  the  surface  of  the  mercury  in  the  cistern,  raises 
the  mercury  in  the  tube,  (which  is  open  to  the  air  at  the 
npper  end),  and  its  altitude  serves  to  ^ow  the  elastic  power 
of  the  steam  over  that  of  the  atmosphere. 


« 

"  These  instruments  are  of  great  use  when  they  are  kept 
"  in  oitier,  in  showing  the  superintendent  the  state  of  the 

it 


engine ;  but  slovenly  engine-tenders  are  but  too  apt  to  put 
them  out  of  order,  or  to  suffer  them  to  be  so.  It  is  the 
"  interest,  however,  of  every  owner  of  an  engine  to  see  that 
"  they,  as  well  as  all  other  parts  of  the  engine,  are  kept  in 
"  order. 

"  The  barometer  being  adapted  only  to  ascertain  the  de- 
"  gree  of  exhaustion  in  the  condenser  where  its  variations 
"  were  small,  the  vibrations  of  the  mercury  rendered  it  very 
"  difficulty  if  not  impracticable,  to  ascertcdn  the  state  of  the 
"  exhaustion  of  the  cylinder  at  the  diflTerent  periods  of  the 
"  stroke  of  the  engine ;  it  became  therefore  necessary  to  con- 
''  trive  an  instniment  for  that  purpose  that  should  be  less 
"  subject  to  vibration,  and  should  show  nearly  the  degree  of 
"  exhaustion  in  the  cylinder  at  all  periods.  The  following 
"  instrument,  called  the  Indicator,  is  found  to  answer  the  end 
"  sufficiently.  A  cylinder  about  an  inch  diameter,  and  six 
inches  long,  exceedingly  truly  bored,  has  a  solid  piston  ac- 
curately fitted  to  it,  so  as  to  slide  easy  by  the  help  of  some 
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"  oil ;  the  stem  of  the  piston  is  guided  in  the  direction  of  the 
"  axis  of  the  cylinder,  so  that  it  may  not  be  subject  to  jam, 
"  or  cause  jfriction  in  any  part  of  its  motion.  The  bottom  of 
"  this  cylinder  has  a  cock  and  small  pipe  joined  to  it,  which, 
"  having  a  conical  end,  may  be  inserted  in  a  hole  drilled  in 
"  the  cylinder  of  the  engine  near  one  of  the  ends,  so  that,  by 
"  opening  the  small  cock,  a  communication  may  be  eflfected 
"  between  the  inside  of  the  cylinder  and  the  indicator. 

The  cylinder  of  the  indicator  is  fastened  upon  a  wooden  or 
metal  frame,  more  than  twice  its  own  length ;  one  end  of  a 
spiral  steel  spring,  like  that  of  a  spring  steel-yard,  is  attached 
to  the  upper  part  of  the  frame,  and  the  other  end  of  the 
"  spring  is  attached  to  the  upper  end  of  the  piston-rod  of  the 
"  indicator.  The  spring  is  made  of  such  a  strength,  that 
"  when  the  cylinder  of  the  indicator  is  perfectly  exhausted, 
"  the  pressure  of  the  atmospliere  may  force  its  piston  down 
"  within  an  inch  of  its  bottom.  An  index  being  fixed  to  the 
"  top  of  its  piston-rod,  the  point  where  it  stands,  when  quite 
"  exhausted,  is  marked  from  an  observation  of  a  barometer 
"  communicating  with  the  same  exhausted  vessel,  and  the 
"  scale  divided  accordingly." 

"  The  joints  of  the  cylinder,  and  other  parts  of  Newcomen's 
"  engines,  were  generally  made  tight  by  being  screwed  to- 
"  gether  upon  rings  of  lead  covered  with  glazier's  putty, 
"  which  method  was  sufficient,  as  the  entry  of  small  quan- 
"  tities  of  air  did  not  materially  affect  the  working  of  those 
"  engines  where  only  a  very  imperfect  exhaustion  was  re- 
"  quired.  But  the  contrary  being  the  case  in  the  improved 
"  engines,  this  method  would  not  answer  Mr.  Watt's  purpose. 
"  He  at  first  made  his  joints  very  true,  and  screwed  them 
"  together  upon  pasteboard,  softened  by  soaking  in  water, 
"  which  answered  tolerably  well  for  a  time,  but  was  not  suili- 
"  ciently  durable.  He  therefore  endeavoured  to  find  out 
"  some  more  lasting  substance ;  and,  observing  that  at  the 
"  iron  foundries  they  filled  up  flaws  by  iron  borings  or  filings 
moistened  by  an  ammoniacal  liquor,  which  in  time  became 
hard,  he  improved  upon  this  by  mixing  the  iron  borings  or 
"  filings  with  a  small  quantity  of  sulphur  and  a  little  sal- 
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"  ammoniac,  to  which  lie  afterwards  added  some  fine  sand 
"  from  the  grindstone-troughs.  This  niixtm-e  being  moistened 
"  with  water  and  spread  upon  the  joint,  heats  soon  after  it  is 
"  screwed  together,  becomes  hard,  and  remains  good  and 
tight  for  years ;  which  has  contributed  in  no  small  degree 
to  the  perfection  of  the  engines.  Mr.  3[urdock,  much  about 
"  tlie  same  time,  without  communication  witli  Mr.  Watt, 
"  made  a  cement  of  iron  borings  and  sal-ammoniac,  without 
"  the  sulphur.  But  the  latter  gives  the  valuable  property  of 
"  making  the  cement  set  immediately." 

To  those  who  study  the  physiological  development  of  the 
mind,  every  fact  in  the  liistory  of  an  intellect  such  as  that  of 
Mr.  Watt,  is  of  peculiar  interest.  For  of  all  the  mental 
powers,  the  faculty  of  mechanical  inventiveness  is  perhaps  the 
most  rare ;  and  Mr.  W^att  has  long  been,  by  the  consent  of 
the  greatest  men  of  science  in  the  world,  placed  "  at  the 
"  head  of  all  inventors  in  all  ages  and  nations."  *  It  thus 
becomes  worth  remarking,  that  the  ten  years  subsequent  to 
1775,  during  wliich  he  took  out  his  five  last  patents,  and 
made  those  other  improvements  on  the  steam-engine  of  wliich 
we  have  now  given  some  account,  were  the  period  during 
which  he  seems  to  have  combined  the  greatest  maturity  with 
the  greatest  activity  of  intellect ;  and  that  the  time  of  his  life 
which  tliey  comprehended,  was  from  liis  fortieth  to  Ids  fiftieth 
year.  The  labour  involved  in  devising  and  adapting  to 
practice  his  new  inventions,  and  in  preparing  the  drawings 
and  descriptions  of  them  required  for  the  specifications  of  his 
patents,  was,  indeed,  only  a  small  part  of  that  which  he  then 
underwent ;  for  he  was,  for  a  great  portion  of  the  time,  as  we 
have  already  mentioned,  daily  occupied  in  superintending  the 
erection  of  new  engines  or  the  alteration  of  old  ones, — in 
watching  and  defeating  the  continual  attempts  made  to  pirate 
his  inventions  and  rob  his  partner  and  himsc;lf  of  their  mode- 
rate gains, —  in  "  giving,"  as  his  son  has  said,  "  the  constant 
"  attention  necessary  to  the  concerns   of  a  nascent  manu- 


*  Sir  Jamos  Mackintosh,  Speech  at  the  Meeting  at  Freemasom}'  Hall, 
1824. 
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**  tadorv,  and  himself  writmg  Tolmnes  of  other 
**  busmeflB,  which  alone  would  have  fiunished  M  ei 
^  men!  even  to  an  indnstrions  inteUed"  ''His  miDJ 
continues  the  same  exceUent  authority,  ^hadbeea 
^  affected  by  his  unavoidable  absence  from  the  de 
^  of  his  aged  fietther  ;*  and  during  the  greater  pu 
^  time,  I  well  remember  seeing  him  suffer  under  m 

sick  headaches,  sitting  by  the  fireside  for  boon 

with  his  head  leaning  on  his  elbow,  and  scarce! 

give  utterance  to  his  thoughts.  It  was  unqnestic 
'*  busiest  as  well  as  the  most  anxious  period  of  hi 
^*  fraught  with  the  most  important  results." 

Often,  in  the  course  of  the  period  of  which  we 
speaking,  especially  towards  its  dose,  we  find  hii 
complaints  of  his  bad  health,  of  what    he  calh 
"  stupidity,"  and  "  want  of  the  inventive  faculty  f 
which,  had  they  issued  from  less  sincere  lips,  t 
been  almost  deemed  ironical,  but  were  with  him, 
thing  else  that  he  uttered,  the  honest  expression 
feelings  of  his  mind.    Towards  the  close  of  171 
''  my  own  health  is  so  bad  that  I  do  not  think  I  c 
'^  much  longer,  at  least  as  a  man  of  busine^ss." 
''  help  being  dispirited,  because  I  find  my  head  fail 
^'  business  an  excessive  burden  to  me,  and  little 
"  any  speedy  release  from  it.     Were  we  both 
"  healthy,  I  see  no  reason  to  despair,  but  very  mi 


♦  Mr.  Watt,  senr.,  died  at  Green-  "  partore  of   a   belov 

ock  in  AngUBt,   1782.    On  the   Ist  **  revered  parent,  tliat 

of    September    hia    «on    writes,    on  **  l>een,  by  liis  long  i. 

receiving   the    intelligence    of   that  **  clining  state,  prepare 

event)  to  Mr.  Cochrane :— "  Yester-  "  the  account   of   it 

•*  day  brouglit  me  your  letter  of  the  "  much  pain.     ♦     • 

'*  23rd,  containing  the  afflicting  news  **  It  behoves  mo  no 

•*  of  the  death  of  my  worthy  and  kind  **  lay  aside  unavailing 

"  father.      When    we    consider    his  "  thank  Grod  tliat    he 

**  death  as  a  removal  from  a  state  of  **  preserved  me  fjrom 

'  pain  and  disease  to  a  stato  where  **  tunes. 

wo  must  hope  that  he  will  meet  **  My    wife    and    fi 

tlie  reward    of   a   wt'Il-8pent  and  **  weU,  and    my   cliih] 

laborious  life,  we  cannot  with  rea-  *♦  mising,  which  circum 

••  son  bewail  his  loss ;   yet  there  is  "  great  reason  to  be  gn 

*  something    so    afflicting    in    the  **  ever  I  may  be  others 

*  thought  of  the  final,  solemn  do- 
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"  trary ;  however,  we  must  do  the  best  we  can,  and  hope  for 
"  qniet  in  Heaven,  when  our  weary  bones  are  laid  to  rest  :'* — 
"  on  the  whole,  I  find  it  now  full  time  to  cease  attempting  to 
invent  new  things,  or  to  attempt  anything  which  is  attended 
with  any  risk  of  not  succeeding,  or  of  creating  trouble 
"  in  the  execution.  Let  us  go  on  executing  the  things 
"  we  understand,  and  leave  the  rest  to  younger  men,  who 
"  have  neither  money  nor  character  to  lose."  Early  in  1786, 
also,  he  writes : — "  in  the  anguish  of  my  mind  amid  the  vex- 
''  ations  occasioned  by  new  and  unsuccessful  scliemes,  like 
"  Lovelace,  I  *  curse  my  inventions,'  and  almost  wisli,  if  we 
"  could  gather  our  money  together,  tliat  somebody  else  should 
"  succeed  in  getting  our  trade  from  us."  And,  in  June  of  the 
same  year,  "  I  should  have  written  to  you  long  ago,  but  have 
"  really  been  in  a  worse  situation  in  some  respects  this  spring 
"  than  I  have  ever  been  in  my  life.  The  illness  I  was 
**  seized  with  in  London  in  the  spring  greatly  weakened  me 
**  both  in  body  and  mind ;  and,  I  believe,  was  brought  on  by 
"  over-exertions,  endeavouring  to  get  home  as  soon  as  pos- 
"  sible.  The  bodily  disease  has  in  great  measure  subsided ; 
"  but  an  unusual  quantity  of  business,  which  by  Mr.  Boulton's 
"  frequent  and  long  absences  has  fallen  wholly  on  me,  and 
"  several  vexations,  with  the  consequent  anxious  thoughts, 
"  have  hitherto  prevented  my  mind  from  recovering  its 
"  energy.  I  have  been  quite  effete  and  listless,  neither 
"  daring  to  face  business,  nor  capable  of  it ;  my  head  and 
"  memory  failing  me  much ;  my  stable  of  hobby-horses 
"  pulled  down,  and  the  horses  given  to  the  dogs  for  carrion. 
"  In  such  a  situation  it  requires  something  very  pressing,  or 
"  very  animating,  to  make  one  put  pen  to  paper.  I  have 
"  had  serious  thoughts  of  throwing  down  the  burthen  I  find 
"  myself  unable  to  carry,  and  perhaps,  if  other  sentiments 
"  had  not  been  stronger,  sliould  have  thought  of  throwing  off 
"  the  mortal  coil ;  but,  if  matters  do  not  grow  worse,  I  may 
'^  perhaps  stagger  on.  Solomon  said  that  in  the  increase  of 
"  knowledge  there  is  increase  of  sorrow :  if  he  had  substituted 
*•  btimiess  for  knowledge,  it  would  have  been  perfectly  true." 
The  history  of  one  other  patent  will  exhaust  the  series  of 
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those  taken  out  by  Mr.  Watt.     On  the  25th  of  Mud^llS; 

he  wrote  to  Mr.Boulton,  "I  think  we  aie  in  theiiflB^i^^'  ■- 

"  getting  quit  of  smoke  in  the  engines;"  and  on  the  104 

September  in  the  same  year,  to  Mr.  De  Lnc,  **  IhaTe 

'^  hopes  of  being  able  to  get  quit  of  the  abomin&ble 

"  which   attends   fire-engines.     Some  experiments  i 

"  have  made  promise  success.     It  is   not  on  Mr.AipwWJ-'j'  ^ 

"  principle,  but  on  an  old  one  of  my  own,  which  is  eiaik^*^ 

"  ingly  different."     On  the  9th  of  October,  "WeWil* 

"  trial  yesterday  of  a  lai^  furnace  to  bum  witluwiaih 

''  under  the  big  boiler,  at  Soho,  that  used  to  poison  lb.n 

"  garden  so  much,  and  it  answered  very  well,  as  iii  tt* 

^'  could  judge  from  a  wet  furnace,  and  without  the  esgM 

"  being  at  work." 

Of  the  date  of  this  invention  being  devised  or  comjlAi 
by  Mr.  Watt,  we  have  no  more  exact  information;  bit 
September  of  the  same  year  in  which  he  obtained  his  ptat 
for  it,  he  mentioned  that  the  principle  on  which  it  proceeM 
was  "  an  old  one  of  his  own."     Until  that  time,  he  doei  ^ 
appear  ever  to  have  tried  it  on  a  large  scale ;  but,  both  Aa 
and  since,  it  has,  we  believe,  been  always  found  to  aoPRT 
well  in  practice.     "  It  is  astonishing,"  writes  his  son  lb 
James  Watt  to  him  from  Manchester  in  1790,   <*  wkt  tf 
**  impression  tlie  smoke-consuming  power  of  the  engine  Itf 
*'  made  upon  the  minds  of  everybody  hereabouts ;  noboif 
"  would  believe  it  until  the  engine  was  set  a-going,  and  cffi 
"  then  they  scarcely  trusted  to  the  evidence  of  their  senift 
"  You  would  be   diverted  to  hear  the   strange   hypothM 
"  which  have  been  started  to  account  for  it.     However,  ithn 
"  answered  one  extremely  good  end, — it  has  made  your  »• 
gines  general  topics  of  conversation,  and  consequently  ofr 
versally  known ;  which  they  were  by  no  means  before  ia 
this  country."    And  on  the  14th  of  June,  1785,  he  took  ort 
a  patent  **  for  certain  newly  improved  methods  of  constact- 
"  ing  furnaces  or  fire-places  for  heating,  boiling,  or  evaponl- 
*'  ing  of  water  and   other  liquids  which   are  applicable  to 
''  steam-engines  and  otlier  purposes,  and  also  for  heating 
*'  melting,  and  smelting  of  metals  and  their  ores^  wherebf 
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"  greater  effects  are  produced  from  the  fuel,  and  the  smoke  is 
*'  in  a  great  measure  prevented  or  consumed,"  which  newly  im- 
proved methods  he  de8cri])es  to  consist  "in  causing  the  smoke 
or  flame  of  the  fresli  fuel,  in  its  way  to  the  flues  or  chimney, 
to  pass  together  with  a  current  of  fresh  air  tlirough,  over, 
or  among  fuel  which  has  already  ceased  to  smoke,  or  which 
"  is  converted  into  coke,  charcoal,  or  cinders,  and  which  is 
"  intensely  hot,  by  which  means  tlie  smoke  and  grosser  parts 
"  of  the  flame,  by  coming  into  close  contact  with,  or  by 
"  being  brought  near  unto  the  said  intensely  hot  fuel,  and 
"  by  being  mixed  witli  the  cmrent  of  fresh  or  unbumt  air, 
"  are  consumed  or  converted  into  heat,  or  into  pure  flame 
"  free  from  smoke." 

**  I  put  this  in  practice,"  he  continues, — "  First,  by  stop- 
"  ping  up  every  avenue  or  jmssage  to  the  cliimnoy  or  flues, 
"  except  such  as  are  left  in  the  interstices  of  the  fiiel,  by 
"  placing  the  fresh  fuel  above,  or  nearer  to  the  external  air, 
than  that  which  is  already  converted  into  coke  or  charcoal ; 
and  by  constnicting  the  fire-places  in  such  manner  tliat  the 
"  flame,  and  the  air  which  animates  the  fire,  must  pass  down- 
**  wards,  or  laterally  or  horizontally,  through  the  burning 
"  fuel,  and  pass  from  the  lower  part,  or  internal  end  or  side 
"  of  the  fire-plac^,  to  the  flues  or  chimney.  In  some  cases, 
"  after  the  flame  has  passed  tlirough  the  burning  fuel,  I 
cause  it  to  pass  through  a  very  hot  tunnel,  flue,  or  oven, 
before  it  comes  to  the  bottom  of  the  boiler,  or  to  the 
"  part  of  the  furnace  where  it  is  proposed  to  melt  metal,  or 
"  perform  other  office,  by  which  means  the  smoke  is  still 
"  more  effectually  cousumecL  In  other  cases  I  cause  the 
"  flame  to  pass  immech'ately  from  the  fire-place  into  the  space 
"  under  a  boiler,  or  into  the  bed  of  a  melting  or  other 
"  furnace."  He  varied  the  figure  or  form  and  proportions  of 
the  fire-places,  &c.,  but  in  all  cases  the  principle  was  the 
same  ;  the  fresh  or  raw  fuel  being  placed  next  to  the  external 
air,  and  so  that  the  smoke  or  flame  passed  over  or  through 
the  coked  or  charred  part  of  the  fuel. 

"  Secondly,"  ho  goes  on,  "  in  some  cases  I  place  the  fresh 
^  fuel  on  a  grate  as  usual,  and  beyond  that  grate,  at  or  near 
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"  the  place  where  the  flame  passes  into  the  flues  or  chimneys, 
^'  I  place  another  small  grate,  on  which  I  maintain  a  fire  of 
"  charcoal,  coke,  or  coals  which  have  been  previously  burnt 
"  until  they  have  ceased  to  smoke  ;  which,  by  giving  intense 
*'  heat  and  admitting  some  fresh  air,  consumes  the  smoke  of 
"  the  fii-st  fire. 

"  Lastly,  be  it  remembered,"  he  concludes,  "  that  my  said 
"  new  invention  consists  only  in  the  method  of  consuming  the 
"  smoke  and  increasing  the  heat,  by  causing  the  smoke  and 
^  flame  of  the  fresh  fuel  to  pass  through  very  hot  tunnels  or 
"  pipes,  or  among,  through,  or  near  fuel  which  is  intensely 
^'  hot,  and  which  has  ceased  to  smoke,  and  by  mixing  it  with 
^'  fresh  air  when  in  these  circumstances ;  and  in  the  form  and 
'^  nature  of  the  fire-places  herein  mentioned,  described,  and 
^'  delineated :  the  boilers  and  other  parts  of  the  furnaces 
^  being  such  as  are  in  common  use.  And  be  it  also  remem- 
*'  bered,  that  these  new  invented  fire-places  are  applicable  to 
"  furnaces  for  almost  every  use  or  purpose."  * 


*  The    Speoification,   which    was  pp.    115   to  121 ;    and  the  relative 

enroUed  on  the  9th  of  July,  17S5,  is  drawings   are    engraved    on   Platea 

printed  in  the  'Mechanical  Inven-  XXX.,     XXXI.,      XXXII.,     and 

'  tions  of  James  Watt,'  1854,  vol.  iii.  XXXIII.  of  the  same  work. 
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CHAPTER   XX. 

HISTORY  OF  THE  DISCOVERT  OF  THE  COMPOSITION  OF  WATER  —  MB, 
watt's  STDDY  of  CHEMISTRY — STATE  OF  THAT  SCIENCE  PREVIOUS  TO 
1783  —  BLACK  AND  PRIESTLEY  —  MACQUER  —  VOLTA  —  WARLTIRE  — 
GAVENDISn  —  DREW  NO  CONCLUSION  FROM  HIS  EXPERIMENTS — LAVOI- 
SIER—  HIS  KNOWLEDGE  OF  THE  EXPERIMENTS  OF  CAVENDISH,  AND  OF 
THE   CONCLUSIONS   OF   WATT. 

In  1783, — one  of  the  busiest  of  those  ten  years  of  his  life 
which  may  thus  be  said  to  have  teemed  with  experiments 
and  inventions, — Mr.  Watt  had  the  further  honourable  dis- 
tinction of  making  and  publishing  his  famous  discovery  of  the 
Composition  of  Water.  It  must  be  added,  though  we  do  so 
with  regret,  that,  as  in  his  greatest  mechanical  inventions,  so 
in  this  matter  also,  he  experienced  the  unpleasant  necessity 
of  vindicating  his  own  just  claims  from  the  unexpected,  and, 
as  we  believe,  most  men  will  be  of  opinion,  the  unjustifiable, 
interference  of  others.  It  was  an  occasion,  however,  on  which 
the  firmness,  moderation,  and  true  greatness  of  his  mind 
were  signally  manifested ;  and  the  circumstances  of  which,  as 
displayed  in  his  Correspondence  on  the  subject,  have  contri- 
buted in  every  way  to  increase  his  good  name. 

His  principal  inventions  connected  with  the  steam-engine, 
with  all  their  prodigious  results,  were  founded,  as  we  have 
seen,  on  the  attentive  observation  of  great  philosophical 
truths ;  and  the  economy  of  fiiel,  increase  of  productive 
power,  and  saving  of  animal  labour,  which  gradually  ensued, 
all  originated  in  the  sagacious  and  careful  thought  with 
which  he  investigated  the  nature  and  properties  of  heat 
The  department  of  physical  science  with  which,  next  to 
mechanics,  he  may  be  said  to  have  been  at  one  time  most 
familiar,  and  which  long  continued  in  some  measure  to  occupy 
his  leisure  hours,  was  Chemistry.  With  what  success  he 
studied  it,  we  know  from  the  testimony  of  the  most  eminent 
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among  his  contemporaries  who  directed  their  atleDtioiia|i^ 
cially  to  that  subject,  and  many  of  whom  were  bis  fmfi 
correspondents.  **  He  was  equally  distinguished,"  wd  ll* 
late  illastrions  President  of  the  Boyal  Society,  Sir  HinB|li| 
Dayy,  ^^  as  a  natural  philosc^her  and  a  chemist,  vd  u 
^  inventions  demonstrate  his  proftmnd  knowledge  of  thoK» 
"  ences."  ♦  The  numerous  experiments  which  he  msdeiifc* 
riew  to  the  attainment  of  the  great  principles  of  itiik 
was  in  search,  are  further  commended  by  the  same  iflHt 
plished  and  able  judge,  as  difficult,  delicate,  and  refinei 

It  is  stated  in  the  Memoirs  of  his  friend  and  neighboB^I 
celebrated  botanist  Dr.  Withering,  that  ^  in  his  estimlii 
Mr.  Watt's  abilities  and  acquirements  placed  him  oeil 
not  superior,  to  Newton ;"  f  ft  judgment  dictated,  no  ia 
by  the  kind  partiality  of  a  friend,  but  showing  the  estimH 
in  which  Mr.  Watt's  talents  were  held  by  an  able  and 
ceming  man  of  science.  How  intently  he  watched  tbe] 
nomena,  how  deeply  he  penetrated  into  the  causes  of  chfli 
action,  might  be  conceived  from  his  friend  Robison's  dea 
ti(Hi  of  him  as  ''  a  philosopher  in  the  most  exalted  sent 
*'  the  word,  who  never  could  be  satisfied  with  a  conjed 
"  knowledge  of  any  subject,  and  who  grudged  no  labou 
"  study  to  acquire  certainty  in  his  researches."  %  The  hjl 
merit  certainly  attaches  to  his  chemical  discoveries,  and 
interest  must  be  felt  by  all  who  attend  to  the  history  of 
origin  and  progress,  from  the  fact  that  he  was  in  tliis,  i 
almost  every  otlier  part  of  learning,  self-taught.  He  has 
self,  on  one  of  the  very  few  occasions  on  which  he  ever  i 
public  any  of  his  writings  through  the  medium  of  the  { 
(almost  all  the  others  being  only  communications  to  the  I 
Society,  which  were  ordered  to  be  printed,)  taken  paii 
correct  the  statements  of  Professor  Robison  on  this  j 
That  gentleman,  in  dedicating  to  him  his  edition  ol 
Black*s  Lectures,  called  him  Dr.  Black*s  pupil,  dedaied 
he  had  attended  two  courses  of  his  lectures,  and  even  all 


♦  Speech  in  1824.— Translation  of     thering,  by  his  Son,  1822.     ^ 
Arago*8  •  Bloge,'  p.  191.  p.  46. 

t  Tiacte  and  Memoir  of  Dr.  Wi-         X  Preiiace  to  Black  ■  Iieetm 
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to  his  professing  to  owe  his  improvements  on  the  steam- 
engine  to  the  instructions  he  had  received  from  that  eminent 
teacher.  This,  however,  is  altogether  erroneous;  and  Mr. 
Watt  has  lamented*  that  the  necessary  avocations  of  his 
business  at  that  time  prevented  his  attending  either  Dr. 
Black's  or  any  other  lectures.  But  he  repeatedly  acknow- 
ledged the  information  and  pleasure  he  derived  from  the 
conversation  of  that  enlightened  philosopher,  as  well  as  from 
the  friendship  of  such  men  as  Kobert  Simson  and  Dr.  Dick> 
both  distinguished  cultivators  of  kindred  branches  of  natural 
knowledge. 

In  establishing  liimself  at  Soho,  he  retained  his  habits  of 
intimate  correspondence  with  Dr.  Black,  who  had  then,  for 
more  than  twenty  years,  made  known  his  discovery  of  car- 
bonic acid  gas,  and  for  at  least  sixteen  had  annually  explained 
his  theory  of  latent  heat  in  his  lectures,  in  which,  also,  for  the 
furst  time,  he  developed  the  doctrine  of  the  capacities  of  bodies 
for  heat^  (or  that  of  specific  heat) ;  and  who,  after  spending 
ten  years  of  academical  labour  in  the  University  of  Glasgow, 
had,  in  1766,  accepted  that  professorial  chair  in  Edinburgh, 
which  for  thirty  years  longer  he  continued  to  render  famous.t 

We  have  much  pleasure  in  being  able,  on  indisputable 
authority,  to  attribute  the  public  announcement  of  Dr.  Black's 
theory  of  latent  heat  to  a  period  considerably  earlier  than 
had  formerly  been  named,  even  by  Dr.  Black's  zealous 
admirer  and  pupil.  Lord  Brougham.  His  Lordsliip  says  that 
Dr.  Black  meditated  on  that  theory,  investigated  it  by  exp^i- 
ment,  and  taught  it  in  his  lectures,  at  least  as  early  as  1763. 
But  the  following  extract  from  his  letter  to  Mr.  Watt,  of  15th 


*  See  his  Preface  to  his  edition  of 
Dr.  Robiflon's  Articles, '  Steam '  and 
'Steam-Engine.' 

t  Dr.  Ferguson,  as  qnoted  by  Bo- 
bison  in  his  Pre&ce  to  the  Lectures, 
and  rejpeated,  among  many  others,  bv 
Lord  Brougham,  says  that  Dr.  Black 
died  on  the  26th  November,  171^. 
But  Dr.  Black's  lost  letter  to  Mr. 
Watt,  which  is  indorsed  by  Mr.  Wutt, 
**hi9  Uut  UUer,"  and  in  which  ho 
mentions  that  he  liad  been  slightly 
onweU*   bat  was   then   better,  was 


written  on  the  2nd  December  of  that 
year.  In  fact,  on  the  11th  Decem- 
ber, Professor  Bobison  wrote  to  Mr. 
Watt,  that  his  much  respected  friend 
hod  died  on  the  Friday  preceding, 
Tiz.  tlie  6th  December.  Ferguson 
also  says,  that  ho  died  in  the  seventy- 
first  year  of  his  age;  but  he  really 
died  in  his  seventy-second  year,  for 
in  a  letter  to  Mr.  Watt  of  8th  April, 
1708,  ho  writes  *'  I  have  now  finished 
"  my  seventieth  year." 
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March,  1780,  famishes  information  more  preciBCttdaBpiB'^^^'": 
with  certainty  a  mach  earlier  date  to  so  adminkkiil^H^'^ |"  ' 
CO  very.  "I  b^an,"  says  the  Doctor,  "  togivethetalBiB^'^^'^* 
"  of  latent  heat  in  my  lectures  at  Glasgow,  in  the  '^^Jf^? 
"  1757-58,  which  I  believe  was  the  first  winter  of  my  Iflc**^'^^ 
"  there,  or,  if  I  did  not  give  it  that  winter,  I  certainly! 
"it  in  the  1758^9,  and  I  have  delivered  it  eTety|i^*J*^ 
"  since  that  time  in  my  winter  lectures,  which  I  «mtiffliii*M 
"  give  at  Glasgow  until  winter  1766-67,  when  I  begiatfi1»M  * '^" 
"  ture  in  Edinburgh."  S 

In  the  same  letter  he  mentions  by  name  many  M^S 
guished  foreigners,  as  well  as  natives  of  this  country,  litevS , 
attended  some  of  the  earliest  courses  of  his  lectures,  uiWiB 
then  heard  his    explanations  of  that   remarkable  tiitfqi  m   . 
adding,  that  about  1760-61,  or  soon  after,  he  read  a  pifSt  ^^ 
the  subject,  in  the  Philosophical  or  University  ClubttOi^ 
gow,  and  thus  concluding: — "I  could  bring  a  mnltitaift^ 
"  other  evidences  to  prove  the  early  date  of  my  dodniM* 
"  this  subject"     We  need  hardly  observe,  that  none  lAo* 
duly  aware  of  the  modesty  and  carelessness  of  fame,  the  idfr 
pulous  veracity,  and  exact  observation  of  facts,  whidli  Atii* 
guished  that  truly  learned  and  excellent  person,  can  imagJBi 
any  other  kind  of  evidence  more  convincing  tlian  his  on 
testimony.      After  the  publication  of  so  decisiTe  a  reooi 
further  exposure  of  the  attempts  which  have  sometimeB  bMi 
made  to  rob  Dr.  Black  of  his  great  and  well-earned  g^* 
wholly  superfluous. 

Priestley,  who,  in  the  year  1774,  had  effected  by  &r  Ab 
most  remarkable  and  brilliant  of  his  numerous  discoferitti 
(that,  viz.  of  oxygen  gas),  came  in  1780  to  Birminghaa; 
where  he  afterwards  usually  resided,  till  driven  away  fro* 
that  place  in  1791,  by  the  violence  of  a  riotous  mob^  nnlir 
the  influence  of  religious  and  political  exasperation.  Duiif 
the  whole  of  his  stay  in  that  neighbourhood,  which  has  befli 
well  described  as  at  that  period  '*  a  region  of  rare  taleDti^* 
he  was  on  terms  of  habitual  and  friendly  intercourse  with  1ft 
Watt,  frequently  conversing  with  him  on  those  scientific  flob- 
jects  which  were  of  the  greatest  interest  to  them  both ;  and 
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we  find  him  publicly  and  repeatedly  acknowledging  the  plea>- 
sure  he  derived  from  such  congenial  society.* 

It  is  impossible  to  conceive  a  more  complete  contrast  than 
was  presented  by  the  mode  of  philosophising  adopted  by 
Black  and  Priestley  respectively.  The  one,  calm  and  re- 
flective, conducted  his  exj>eriments  often  with  such  simple 
apparatus  as  came  readiest  to  his  hand,  but  always  with 
studied  neatness,  accuracy,  and  success;  carefully  watching 
every  step  of  the  well-considered  process,  and  deducing,  with 
all  the  forc^  of  exact  demonstration,  either  the  overthrow  of 
some  long-settled  belief,  or  the  description  of  a  new  sub- 
stance, or  the  establishment  on  solid  foundations  of  a  theory 
altogether  unsuspected  by  any  other  inquirer ;  his  conclusionfi 
being  as  much  distinguished  for  their  originality,  beauty,  and 
usefulness,  as  any  thing  to  be  found  in  the  whole  history  of 
inductive  research.  The  other,  with  wann  zeal  and  untiring 
perseverance,  but  with  little  idea  of  order,  and  an  imperfect 
acquaintance  with  the  true  first  principles  of  science,  con- 
trived experiments  of  infinite  number  and  variety,  observed 
them  with  lively  interest,  and  often  with  a  just  perception ; 
and  minutely  recorded  the  smallest  particulars,  which  in  their 
progress  he  noticed,  if  not  always  for  his  own  advantage,  yet 
certainly  for  the  great  benefit  of  others.  But  to  the  higher 
objects  of  philosophical  inquiry  and  generalisation,  he  wad 
little  accustomed  to  Apply  the  many  great  and  luminous 
truths  which  he  was  the  first  to  make  known ;  and  in  more 
than  one  instance  he  even  plunged  deep  into  eJror,  which 
flome  of  his  contemporaries,  neither  better  informed  on  otheir 
points,  nor  gifted  with  superior  powers  of  observation,  were 
able  to  avoid.  It  is  curious  to  find  his  well-known  candoui* 
thus  expressing  his  own  views  of  the  manner  in  which  scien- 
tific research  ought  to  be  conducted,  at  a  period  nearly 
twenty  years  after  he  had  received  the  Copley  medal  for  his 
inquiries  into  several  kinds  of  air,  and  had,  almost  at  the 
same  time,  completed  liis  gi*aud  and  undisputed  discovery  of 
oxygen  gas : — 


'  Philoaophical  Ttansactions,'  1783,  p.  416. 
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''I  do  not  think  it  at  all  degrading  to  the  business  of 
"  experimental  philosophy,  to  compare  it,  as  I  often  do,  to 
"  the  diversion  of  hu?iting,  where  it  sometimes  happens  that 
"  those  who  have  beat  the  ground  the  most,  and  axe  con- 
"  sequently  the  best  acquainted  with  it,  weary  themselves 
"  without  starting  any  game,  when  it  may  fall  in  the  way  of 
"  a  mere  passenger ;  so  that  there  is  but  little  room  for 
**  boasting  in  the  most  successful  termination  of  the  chase."* 
His  metaphor  reminds  us  of  the  jocose  observation,  said  to 
have  been  addressed  by  Sir  Isaac  Newton  to  Dr.  Bfiurow,  who 
complained  that  he  had  occupied  all  the  ground  of  new  dis- 
covery : — "  Beat  the  bushes :  there  is  still  plenty  of  game  to 
"  be  raised."  "f  But  the  proceedings  of  the  other  two  great 
experimental  inquirers  whom  we  have  named,  were  nothing 
like  this;  and  we  may  perhaps  question  the  propriety  of 
applying  language  which  conveys  the  idea  of  8(Hnething 
vague,  and  even  fortuitous,  to  that  system  which  Bacon  first 
illustriously  taught,  and  which  Black  and  Watt  so  worthily 
exemplified ;  by  which  the  present  age  has  been  guided  to 
very  many  of  the  more  remote  and  occult  parts  of  nature, 
with  the  same  certainty  and  safety,  with  which  the  compass 
has  directed  the  course  of  navigation  to  the  discovery  of  new 
regions  of  the  globe. 

It  cannot,  however,  be  said  that  Priestley  either  derived 
small  amusement  &om  Ins  quest  of  the  game  to  which  he 
alludes,  or  failed  of  brilliant  success  in  that  exciting  chase, 
which  he  followed  with  enthusiastic  ardour.  It  is  equally 
true  that  he  greatly  contributed  to  its  popularity  with  others. 
But  though  he  could  not  fairly  be  called  uncertain  in  his 
aim,  he  occasionally  abandoned  the  main  pursuit  to  follow 
some  deceptive  appearance  in  another  track ;  and  had  often 
to  submit,  which  he  always  did  with  perfect  frankness  and 
good-nature,  to  see  his  competitors  triumph  where  he  himself 
had  failed.  No  more  apposite  or  memorable  instance  of  the 
truth  of  these  remarks  could  be  found,  than  in  the  discovery 


•  See  the  Preface  to  hia  Abridge-  t  *  Works  of  Sir  Huiupbry  Davy,* 
ment  of  the  *  Experimonts  on  Air/  edited  by  his  Brother,  vol.  vii.  p.  12i. 
in  thiee  vols.  1790,  p.  21. 
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of  which  we  are  about  to  recount  the  history ;  where  he  sted- 
fastly  opposed  a  theory  which  was  in  great  measure  founded 
on  one  of  his  own  experiments,  but  in  which,  even  after  it 
had  received  the  most  ample  confirmation  from  the  results  of 
further  inquiry,  and  had  been  adopted  by  nearly  all  the 
most  eminent  chemists  of  the  day,  he  never  could  be  induced 
to  believe.* 

Before  proceeding  to  the  history  of  the  manner  in  which 
Mr.  Watt  was  more  immediately  led  to  form  and  state  in 
writing,  his  conclusions  respecting  the  composition  of  water, 
which  had  previously  always  been  looked  upon  as  an  dement 
or  simple  substance,  it  is  proper  that  we  should  shortly  relate 
the  steps  which  had  been  taken,  before  the  year  1783,  towards 
a  more  accurate  knowledge  of  its  real  nature. 

The  first  observation  of  the  moisture  wliich  is  formed  when 
inflammable  air  or  hydrogen  gas  is  burnt  in  common  air,  was 
made  by  M.  Macquer,  an  excellent  French  physician  and 
chemist,  whose  good  sense  and  judicious  experiments  ren- 
dered great  service  to  science,  at  a  time  when  few  minds  had 
as  yet  shaken  off  any  of  the  fetters  of  the  old  philosophy. 
In  that  edition  of  his  *  Dictionnaire  de  Chimie '  which  was  pub- 
lished in  1778,  and  of  wliich  liis  translator,  Mr.  Keir,  says, 
that  it  had  been  much  esteemed,  and  had  perhaps  contri- 
buted more  to  the  diffusion  of  chemical  knowledge  than  any 
other  book,  (and  which,  as  well  as  its  author,  was  always 
spoken  of  by  Dr.  Black  mth  the  greatest  respect),  he  details, 
under  the  article  '  Inflammable  Gas,'  many  experiments  on  its 
combustion,  wliich  were  made  in  1776-7,  and  in  which  he 
was  assisted  by  M.  Sigaud  de  Lafond.  "  I  assured  myself 
"  also,"  he  says,  "  by  placing  a  saucer  of  white  porcelain  in 
"  the  flame  of  inflammable  gas  burning  tranquilly  at  the  ori- 
"  fice  of  a  bottle,  that  the  flame  is  not  accompanied  by  any 
"  fuliginous  smoke ;  for  that  part  of  the  saucer  which  the 
"  flame  licked,  remained  perfectly  white ;  it  was  only  moist- 
"  ened  by  small  drops  of  a  liquor  as  clear  as  water,  and 


*  Among  the  latest  of  his  publi-  '  of  tlio  Dcconipoiutiou  of  Water 
cations  was  *  The  Doctrine  of  *  Kcfuted.'  Nortliumburhind,  1800. 
*  Phlogiston    Established,   and  that 
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^  which,  in  fact^  appeared  to  us  to  be  only  pure  nio.'* 
The  phenomenon  was  certainly  a  remarkable  one,  oil 
obserration  appears  now,  as  it  did  to  LaToisier  in  \1^\\ 
have  nearly  approximated  to  a  most  inteieBtifig  'vf^ 
which  might,  indeed,  have  ended  in  the  discovery  aftenl 
so  famous.  But  Macquer  drew  no  conclusion  from  i,^ 
no  further  notice  of  it,  and  seems  not  even  to  haveliitfl 
a  speculation  on  its  cause. 

He  also  mentions  the  combustion  of  mixtnitt  M 
inflammable  gas  and  common  air,  and  of  inflammaUc 
and  dephlogisticated  air  or  oxygen  gas ;  and  deeeribe 
explosion  by  which  it  was  in  both  cases  attended;  thti 
however,  very  much  more  violent  in  the  latter  case  i 
the  former.  He  seems  to  have  fired  the  airs  in  gla» 
but  although  on  one  occasion  he  speaks  of  having  do 
close  vessels,  it  is  evident  from  his  further  accoanl 
experiment,  that  the  vessel  employed  had  a  narrow  i 
to  which  a  lighted  match  was  applied. 

Volta,  in  a  letter  dated  10th  December,  1776, 
printed  in  Dr.  Priestley's  third  volume,^  says,  that 
fired  inflammable  air  by  the  simple  electric  spark. 

The  next  considerable  step  in  the  progress  ton 
grand  discovery,  was  made  by  an  English  chemist  a 
sophical  lecturer,  Mr.  Warltire ;  whose  mode  of  a 
Ins  experiments  on  the  combustion  of  gases  was  higl 
able  to  his  ingenuity.  He  fired  a  mixtui^  of  com 
inflammable  airs  in  a  close  metal  flask  or  globe,  by 
trie  spark ;  and,  his  object  being  to  ascertain  '*  whc 
"  was  heavy  or  not,"  he  says,  "  I  always  accurately 
'^  the  flask  of  common  air,  then  found  the  difierence 
**  after  the  inflammable  air  had  been  introduced,  the 

be  certain  I  had  confined  the  proper  proportioi 

The  electric  spark  having  passed  through  them. 
"  became  hot,  and  was  cooled  by  exposing  it  to  th< 


4i 


•  Dictionnaire  de  Chymie,*  torn.     469. 


ii..  p.  814;  td.  Ncuch&tel,  1789.  :::  Priestley  g  •  Experin 

t  Lavoider,  ^M^oires  do  I'Aca-     *  &c.,*  1781,  vol.  iii    n.  % 
•d^mie'  for  1781,  printed  in  1784.  p.  "*  *^ 
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"  air  of  the  room ;  it  was  then  hung  up  again  to  the  balance." 
Mr.  Warltire  adds,  that  in  his  experiments  of  this  sort,  he 
always  found  a  small  loss  of  weight,  but  not  constantly  the 
same ;  the  vessel  held  three  wine  pints,  and  weighed  fourteen 
ounces,  and  the  average  loss  which  he  thought  he  detected, 
was  only  two  grains. 

These  experiments  are  detailed  in  a  letter  dated  Birming- 
ham, 18th  April,  1781,  which  was  addressed  to  Dr.  Priestley, 
and  published  by  him  in  the  appendix  to  the  second  volume 
of  his   'Experiments  and  Observations  relating  to  various 

*  branches  of  Natural  Philosophy ;  with  a  continuation  of  the 

*  Observations  on  Air ;'   printed  at  Birmingham  in  1781.* 


*  Mr.  Warltire's  letter  is  given  by 
Dr.  Priestley  as  foUows  : — 

"  A  letter  from  Mr.  John  Warltire^ 
**  Ledurer  in  Natural  Philosophy^ 
**  on  the  firing  of  inflammable  air  in 
**  doee  veseeU, 

"ButiONOHAM.  18^  April,  1781. 

"8iB, — I  had  long  entertained  an 
opinion  that  it  might  be  deter- 
mined whether  heat  is  heavy  or 
not,  by  firing  inflammable  air, 
mixed  with  common  air,  and  ap- 
plying them  to  a  nice  balance ;  but 
as  I  conceived  the  danger  of  pass- 
ing the  electric  spark  through  so 
combustible  a  mixture  in  a  close 
Yessel  to  be  ereater  than  it  is,  I 
was  deterred  m>m  making  the  ex- 
periment, till,  being  encouraged  by 
you,  I  procured  a  copper  ball,  or 
flaedc,  which  holds  three  wine  pints, 
the  weight  14  oz.,  with  a  screw 
stopper  adapted  to  it,  and  began 
witn  smaU  quantities  of  inflam- 
mable and  laree  quantities  of  com- 
mon air,  which  were  fired  without 
&6  least  danger. 

**  I  then  increased  the  bulk  of  the 
inflammable  air  to  half  that  of  the 
common  air,  which,  when  fired, 
made  the  flask  very  warm  to  my 
hand ;  and  every  time  I  applied  a 
long  glass  tube,  fastened  to  the 
pipe  of  a  pair  of  bellows,  to  blow 
the  phlogisticated  air  out  of  the 
flask,  I  observed  a  smoke  escape 
along  with  it  I  also  fired  the  air 
when  the  flask  was  under  water, 
and  did  not  observe  anything  escape 
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when  I  perceived  the  heat  against 
my  hand  with  which  I  kept  the 
ball  from  rising.  When  the  stopper 
was  unscrewed,  the  external  air 
always  rushed  into  the  vessel  con- 
taining the  phlogisticated  air  with 
some  violence. 

"  The  method  I  usuaUy  practise  to 
mix  the  airs  in  any  proportion,  is 
accuratelv  to  fill  a  measure  with 
inflammable  air,  and  rest  it  in  a 
tub,  with  its  rim  barely  under 
water,  hanging  over  the  edge  of  a 
shelf,  so  far  as  to  admit  one  leg  of 
an  inverted  syphon,  the  other  leg 
being  closed,  but  afterwards  opened 
and  the  copper  flask  inverted  upon 
it,  but  closea  with  its  stopper  when 
the  measure  of  air  has  been  plunged 
under  water,  to  force  it  out  through 
the  syphon.  I  have  sometimes  ex- 
hausted the  common  air  to  admit 
the  inflammable  air  into  tlie  flask, 
but  I  do  not  find  that  that  cir- 
cumstance produces  any  difference 
in  the  result  of  the  main  experi- 
ment. 

'*  My  next  object  was  to  adjust  the 
balance  in  such  a  manner  as  that 
I  could  always  be  certain  to  weigh 
to  less  than  a  grain  when  it  was 
loaded  with  the  flask  and  its  coun-. 
terpoise,  and  I  constantly  examined 
it  at  the  beginning  and  end  of 
every  experiment.  The  apparatus 
being  adjusted,  I  proceeded  to 
make  the  experiment  I  had  in  view, 
and  always  accurately  balanced  the 
flask  of  conmion  air,  then  found 
the  difference  of  weight  after  the 
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From  the  same  letter  it  appears,  that  Priestley  was  d 
to  fire  air  in  a  dose  gUus  yessel,  and  to  ohserre  a  igf 
water ;  but  that  Warltire,  on  repeating  the  same  expa 
obtained  the  same  result.  **  I  have  fired  air  in^IoMTi 
says  Mr.  Warltire,  "  since  I  saw  you  venture  to 


inflammable  air  was  introdaced, 
that  I  might  be  certain  I  had  con- 
fined the  proper  proportion  of  each, 
the  electric  spark  having  passed 
through  them  the  flask  be<aune  hot, 
and  was  cooled  by  exposing  it  to 
the  conmion  air  of  the  room;  it 
was  then  hung  up  again  to  the 
balance,  and  a  loss  of  weight  was 
always  found,  but  not  constantly 
the  same ;  upon  an  average  it  was 
about  two  grains. 

**  I  have  fired  air  in  gUu§  vessels 
since  I  saw  you  venture  to  do  it, 
and  have  observed,  as  vou  did,  that 
though  the  glass  was  clean  and  dry 
before,  yet,  after  firing  the  air,  it 
became  dewy,  and  was  lined  with  a 
soobr  substance. 

"  If  you  think  those  experiments 
worth  communicating  to  your  phi- 
losophical acquaintaace,  it  may  be 
depended  upon  that  the  circum- 
stances appeared  to  me  as  I  have 
represented  them,  whatever  they 
may  be  found  to  prove. 

"  1  am,  with  great  esteem, 
•*  Your  humble  servant, 
•*  JouN  Warltire." 

On  this  letter  Dr.  Priestley  makes 
the  following  remarks : — 

••  The  preceiling  article,  though 
**  coming  too  late  to  be  printed  toge- 
•*  ther  with  the  rest  of  the  volume, 
**  and  to  be  noticed  in  the  contents  of 
*•  it,  I  have  thought  proper  to  insort 
**  on  account  of  the  remarkable  facts 
**  it  exhibits. 

•*  Dr.  Withering  and  myself  were 
*•  present  when  the  mixture  of  com- 
**  mon  air  and  inflammable  air  was 
*•  fired  repeatedly  in  the  close  copper 
"  vessel,  and  we  observed  that,  not- 
•*  withstanding  all  the  precautions  we 
•*  could  think  of,  the  vessel  certainly 
**  weighed  less  after  the  explosion 
**  than  it  hud  done  before.  1  do  not 
**  think,  however,  that  so  very  bold 
**  an  opinion  as  tJiat  of  the  latent 
**  heat  of  bodies  contributing  to  tlieir 
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"  weight,  should  be  recent 
**  more  experiments,  and  i 
**  a  still  larger  acale.  If 
*'  firmed,  it  will  no  dooU  \ 
'*  to  be  a  (act  of  a  veiy  i 
**  nature,  and  will  do  ^ 
"  honour  to  tlie  agpd' 
"  Warltire. 

«*  I  must  add,  that  the 
**  saw  the  moitture  on  t 
*'  the  close  glass  vessel 
'*  afterwards  fired  the 
"  air,  he  said  that  it  ( 
*'  opinion  he  had  long 
**  VIZ.,  that  common  aii 
**  moisture  when  it  is  p 
'*  Witli  me  it  was  a  mei 
**  perimeut,  made  to  ei 
'*  philosophical  friend 
*'  formed  themselves  i 
••  society,  of  which  tl: 
*'  me  the  honour  to  ma 
"  her. 

"  After  we  bad  fire 
**  of  common  and  inflan 
**  did  the  same  with  d 
'*  and  inflammable  air 
"  in  tliis  case,  the  lis 
**  more  intense,  and  U 
"  greater,  the  explosic 
"  violent,  but  tliat  a  gl 
**  an  inch  in  diametei 
"  ceeding  one  tenth  < 
*•  thickness,  bore  it  'w 
**  Nor  shall  we  wonder 
••  we  consider  Uiat  tbi 
**  air  by  heat  does  not  j 
**  or  five  times  its  bulk. 
*•  however,  from  this  ex 
"  little  is  to  be  expe< 
**  firing  of  inflammabl 
•*  parison  with  the  ef 
"  powder ;  besides,  th 
**  of  inflammable  air,  tl 
"  diminution  of  the 
"  whereas  in  the  firing 
"  there  is  n  i>roducti< 
Priestley '8  *  Krperimt 
*  fxitiom,"  &c.      Bimd] 

Vol.  ii.  p.  ♦aas. 
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"  have  observed,  as  you  did,  tliat  though  the  glass  was  clean 
"  and  dry  before,  yet  after  firing  tlie  air,  it  became  dewy,  and 
"  was  lined  with  a  sooty  substance."  Dr.  Priestley  adds,  that 
Mr.  Warltire,  "the  moment  he  saw  the  moisture  on  the 
"  inside  of  the  close  glass  vessel  in  which  I  afterwards  fired 
"  the  inflammable  air,  said  that  it  confirmed  an  opinion  he 
"  had  long  entertained,  viz.,  that  common  air  deposits  its 
"  moisture  when  plilogisticated ;"  both  inquirers  being  evi- 
dently impressed  with  the  belief  tliat  the  dew  was  nothing 
else  than  the  mechanical  deposit  of  the  moisture  dispersed  in 
common  air. 

It  is  remarkable  enough,  as  an  instance  of  the  confusion 
which  the  least  inattention  must  introduce  into  the  history  of 
such  discoveries,  and  of  the  consequent  importance  of  exact 
accuracy  as  to  all  their  most  minute  particulars,  that  Mr. 
Watt  inadvertently  stated*  that  he  believed  Mr.  Cavendish 
was  the  first  who  observed  the  dewy  deposit ;  thereby  assign- 
ing to  him  too  much  merit  in  place  of  too  little.  In  that 
error,  he  has  been  followed  by  Cuvier,  who  says  that  "M. 
"  Cavendish  observa  le  premier  qu'il  se  manifestoit  de  I'eau 
"  dans  cette  combustion."  f  Mr.  Cavendish  J  expressly  states 
Mr.  Warltire  to  have  observed  it.  Mr.  Warltire  §  states  Dr. 
Priestley  to  have  observed  it ;  while,  ultimately,  the  mere 
observation  of  the  moisture  must  be  referred  to  Macquer,  who 
also  first  considered  it  to  be  pure  water.  ||  But  this  point 
may  be  said  to  have  excited  no  controversy,  which  has  been 
limited  to  the  question,  who  first  explained  the  real  cause  of 
the  formation  of  the  moisture,  by  drawing  and  stating  the 
conclusion  that  water  is  composed  of  two  gases,  which  unite 
in  the  process  of  their  combustion  or  explosion.  To  that 
question,  accordingly,  we  shall  now  confine  our  attention,  and 
see  who  was  in  point  of  fact  the  first  to  make  public  that 


•  See  his  Note,  *  Phil.  Trans/  for  f  *  Rapport  Historique.' 

1784.  p.  332.— It  is  proper,  however,  j  •  Phil.  Trans.'  1784.  pp.  126, 127. 

to  ob^rve^  tliat  the  note  is  not  in  §  In  his  letter,  cited  above. 

Mr.  Watt's  original  draft,  nor  in  the  i|  '  Dictionnaire  de  Ohjrmie ; '  '  M(f- 

press  copy  of  the  letter  in  his  own  *  moires  de  1' Academic  '  for  1781,  p. 

writing,  sent  to  Mr.  Do  Luc,  of  26th  489  ;  Arago,  *  Eloge  of  Watt.'  p.  98 ; 

November,  1783 ;  but  is  added  at  the  ante.  p.  313. 
bottom  in  pencil,  in  hLs  own  hand. 


818  LIFE  OF  WATT.  Chap.  XX. 

theory,  after  having  formed  it  altogether  independently  of 
the  ideas  of  others. 

On  the  publication  of  Dr.  Priestley's  work  in  1781,  Mr. 
Cavendish  proceeded  in  July  of  that  year,  and  at  subsequent 
times,  to  examine  Mr.  Warltire's  experiment,  (the  object  of 
which,  it  will  be  remembered,  was  to  determine  whether  heat 
was  ponderable),  frequently  repeating  it,  with  changes  in 
some  parts  of  the  apparatus,  and  in  the  mode  of  preparation 
of  the  airs  employed.  He  fired  mixtures  both  of  common 
and  inflammable  air,  and  of  inflammable  and  dephlogisticated 
air,  varying  the  proportions  of  each;  and,  as  was  to  be 
expected,  not  uniformly  obtaining  quite  the  same  results. 
For,  although  he  always  observed,  as  Priestley  and  Warltire 
had  done  before  him,  that  a  dew  was  deposited,  or,  as  he  calls 
it,  condensed^  on  the  sides  of  the  vessel  in  which  the  airs  were 
fired,  and  though  he  applied  more  accurate  measurement  to 
the  airs,  and  some  tests  to  the  "  liquor  condensed,**  he  some- 
times observed  a  slight  loss  of  weight,  sometimes  none  at 
all.  In  one  instance,  he  found  that  '^the  weight  seemed 
'^  to  be  diminished  two-tenths  on  firing,  and  one-tenth  more 
"  on  standing."  * 

Mr.  Cavendish's  journal,  or  collection  of  laboratory  notes, 
in  which  the  details  of  all  these  experiments  were  entered, 
has  been  preserved  among  his  papers.  The  whole  of  those 
papers  were  accurately  examined,  his  Grace  the  late  Duke  of 
Devonshire  having  granted  permission,  for  the  purpose  of 
ascertaining  whether  any  of  them  contained  anything  indi- 
cative of  the  dates  of  Mr.  Cavendish's  conchmm^,  respecting 
the  theory  of  the  formation  of  water  by  the  combustion  of 
hydrogen  and  oxygen  gases ;  but  Mr.  Charles  Hatchett  "  could 
"  not  find  anything  in  them  which  referred  to  any  date  con- 
"  nected  with  the  time  when  Mr.  Cavendish  probably  first 
*'  conceived  his  theory ;"  t  and  another  gentleman,  Mr.  Hud- 
son, in  whose  hands  the  papers  had  been  placed  by  the  Duke 
of  Devonshire,  and  who   minutely  investigated  them  with 


♦  MS.  Journal. 

t  liitter  to  Mr.  Jiimea  Watt^  junr..  16th  April,  1835. 
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every  wish  to  discover  some  support  to  the  claims  which  had 
been  put  forth  on  behalf  of  Mr.  Cavendish,  said,  "  I  do  not 
**  find  in  these  journals  of  the  experiments  anything  more 
**  than  the  simple  statement  of  the  facts,  without  any  casual 
"  mention  of  theoretical  opinions."  *  This  material  fact  has 
since  been  placed  beyond  the  possibility  of  doubt,  by  the 
publication  of  the  journal  in  question ;  in  the  wht>]e  course 
of  which  Mr.  Cavendish  does  not  make  a  single  inquiry  into 
the  cause  of  the  appearance  of  the  water,  nor  indicate  the 
most  remote  suspicion  of  its  real  origin;  never  using  any 
expressions  which  could  imply  an  union  of  the  two  airs,  or 
which  are  inconsistent  with  the  notion  which  Warltire  and 
Priestley  had  entertained,  of  a  mere  mechanical  deposit  of 
the  water.  We  are  fully  borne  out  in  this  assertion  by  the 
opinion  of  Lord  Brougham,  who  says,  "  I  must  add,  having 
"  read  the  full  publication  with  fac-similes,  Mr.  Harcourt  t  has 
"  now  clearly  proved  one  thing,  and  it  is  really  of  some  im- 
"  portance.  He  has  made  it  appear  that  in  all  Mr.  Caven- 
**  dish's  diaries,  and  notes  of  his  experiments,  not  an  intima- 
"  tion  occurs  of  the  composition  of  water  having  been  inferred 
"  by  him  from  those  experiments  earlier  than  Mr.  Watt's 
"  paper  of  Spring  1783."  J 

This  fact  further  receives  great  confirmation  from  all  that 
Mr.  Cavendish  has  himself  stated  on  the  subject  His  Paper, 
in  which  his  conclusions  are  contained,  was  not  read  to  the 
Royal  Society  till  the  15th  of  January,  1784;  and  although 
in  1784,  when  the  *  Philosophical  Transactions '  for  that  year 
were  printed,  he  said  that  his  experiments,  (made  in  1781), 
had  been  mentioned  to  Dr.  Priestley,  he  does  not  name 
the  precise  time,  nor  even  the  year,  when  the  experiments 
were  so  communicated.  He  does  not  say  that  any  conclusion 
was,  along  with  them,  mentioned  or  even  hinted  at  He  does 
not  even  say  at  what  time  he  himself  first  drew  any  con- 
clusion on  tlie  matter.  But  in  a  continuation  of  the  same 
passage  he  says,  '*  during  the  last  smnmer,  [1783],  also,  a 

•  Letter  to    Mr.    Hatchett,    15th         J  *  lives  of  Men  of  licttew  and 
April,  1835.  *  Science,'  vol.  i.  p.  401. 

t  See  below,  pp.  870-374. 
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"  friend  of  mine  gave  some  account  of  them  toN.UniB 
'*  as  well  as  of  the  conclusion  drawn  from  them,  that  Ji|y 
"  gisticated  air  is  only  water  deprived  of  phlogiston."  1 
passage  was  not  contained  in  Mr.  Cavendish's  paper, ail 
ginally  written,  presented,  and  read  to  the  Societj;«i 
was  afterwards  added,  not  in  Mr»  Cavendish's  handni 
but  in  that  of  Dr.  (afterwards  Sir  Charles)  Blagdeiuihi 
the  friend  referred  to.  As,  however,  it  was  printed  il 
body  of  the  paper,  without  any  explanation  as  to  its  «|i 
authorship,  and,  of  course,  with  the  knowledge  andipp 
of  Mr.  Cavendish,  that  gentleman  is  to  be  held  asmikiif 
statement  contained  in  it,  and  the  whole  passage  jbM 
taken  as  part  of  his  paper. 

And,  (what  is  a  most  material  proof  of  Mr.  Cayenfiki 
having  made  any  communication  of  the  theory), Dt.P» 
while,  in  liis  paper  dated  21st  April,  1783,  and  read  264 
of  the  same  year,  he  alludes  to  one  experiment  of  Mr.Cw 
as  being  kno^\^l  to  him,  says  not  a  word  of  any  theay 
tliat  gentleman  had  founded  upon  it ;  but,  on  the  ec 
was  in  evident  ignorance  of  any  conclusion  such  as  thi 
Mr.  Cavendish,  nearly  a  year  later,  eommunicatei 
Royal  Society.  "It  is  clear,"  says  Lavoisier,*  " 
"  Priestley  has  formed  water  without  suspecting  it" 
presently  be  seen  that  Dr.  Priestley's  first  intelligen 
idea  being  entertained  that  water  is  a  com{K»und  b( 
from  Mr.  Watt ;  and  was  received  not  only  with  si] 
being  entirely  novel,  but  also  with  incredulity,  as  h 
erroneous.  The  real  state  of  the  case  is  very  well 
by  him  in  his  paper,  read  24th  February,  1785,  ar 
in  the  *  Philosophical  Transactions'  for  that  year,  whe 
"  Mr.  Watt  concluded  from  some  experiments  of  wh 
"  an  account  to  the  Society,  and  also  from  some  ol 
"  of  his  own,  that  water  consists  of  deplilogistieat<2 
"  flammable  air,  in  which  Mr.  Cavendish  and  M. 
"  cmeur  with  him."  t 


*  *  Mt^iiioircs  (It)  rAcadcinio '  f(»r  17S1,  p.  47i». 
t  *  Phil.  Tnins.'  for  1785,  p.  280. 
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There  is  thus  no  statement  put  on  record  by  Mr.  Cavendish, 
so  far  as  we  have  yet  gone,  of  his  conclusions  having  been 
either  drawn  by  himself,  or  made  known  to  a  single  human 
being,  previous  to  the  summer  of  1783 ;  while  the  only  inti- 
mation to  be  derived  from  tlie  printed  papers  in  the  Pliilo- 
sophical  Transactions,  of  his  having  drawn  his  conclusions  at 
even  so  early  a  period,  is  contained  in  the  above  passage, 
which  was  written  by  Blagden,  interpolated  after  the  paper 
had  been  read  in  January,  1784,  and  not  till  then  adopted  by 
Cavendish. 

It  is,  further,  apparent  from  the  very  title  of  his  paper, 

*  Experiments  on  Aivy  that  the  composition  of  water  was  not 
the  principal  object  to  which  Mr.  Cavendish's  attention  had 
been  directed.  In  this  respect,  his  paper  presents  an  obvious 
contrast  to  that  of  Mr.  Watt,  which  bears  the  much  more  un- 
equivocal title  of  *  Thoughts  on  the    Co7istituent  Parts  of 

*  Watery  and  of  Dephlogisticated  Air  ;*  and  of  which  the  great 
object  is  to  maintain  that  doctrine  of  the  composition  of 
water  which  is  distinctly  stated  in  its  outset. 

Moreover,  some  of  the  expressions  used  by  Mr.  Cavendish 
in  further  treating  of  the  subject,  are  marked  by  no  small 
ambiguity,  and  even  inconsistency ;  for  his  theory  is  thus  ex- 
pressed in  his  own  paper : — "  From  what  has  been  said  there 
**  seems  the  utmost  reason  to  think,  that  dephlogisticated  air 
is  only  water  deprived  of  its  phlogiston,  and  that  inflam- 
mable air,  as  was  before  said,  is  either  phlogisticated  water, 
or  else  pure  phlogiston ;  but  in  all  probability  the  former." 
Now,  besides  the  strange  supposition  as  to  inflammable  air 
being  phlogisticated  water,  which  shows  that  Mr.  Cavendish 
had  then  no  very  clear  ideas  on  the  subject  of  water  being 
composed  of  oxygen  and  hydrogen,  it  is  evident  that  he  here 
omits  entirely  the  consideration  of  latent  heat ;  an  omission 
which  he  even  attempts  to  justify  in  one  of  the  passages 
interpolated  by  Blagden.*  But  it  is  well  known  to  every  one 
acquainted  with  the  first  principles  of  chemical  science,  even 
as  it  was  taught  in  the  days  of  Black,  and  it  was  indisputably 


C4 


♦  *  Phil.  Trans.,'  p.  140. 
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familiar  to  Mr.  Watt,  that  no  aeriform  fluid  can  be  conyerted 
into  a  liquid,  nor  any  liquid  into  a  solid,  without  the  evolu- 
tion of  heat,  previously  latent  This  essential  part  of  the 
process,  Mr.  Cavendish's  theory  does  not  embrace.  But  with- 
out it,  no  theory  on  the  subject  can  be  complete. 

It  will  presently  be  seen,  that  Mr.  Watf  s  theory  took  fully 
into  account  this  most  important  principle,  without  which,  no 
conversion  from  the  aeriform  to  the  liquid  state  can  possibly 
take  place ;  and  without  which,  therefore,  Mr.  Cavendish's 
theory  was  quite  inadequate  to  explain  the  facts  observed. 

We  have  the  authority  of  one  of  the  best  informed  practical 
and  theoretical  chemists  of  this  country  for  declaring,  that 
"  ideas  exactly  similar  to  those  of  Mr.  Watt  are  entertained 
"  by  the  most  distinguished  philosophers  of  the  present  day." 
Dr.  Black,"  says  Professor  Graham  of  University  College, 
made  it  appear  probable,  that  metals  owe  their  malleability 
**  and  ductility  to  a  quantity  of  latent  heat  combined  with 
"  them."  ♦  And  the  learned  Professor  carries  the  same  doc- 
trine further ;  where,  in  referring  to  change  in  the  physical 
condition  and  crystalline  configuration  of  bodies,  without 
any  alteration  in  their  ponderable  constituents,  he  says, — 
The  loss  of  heat  observed  will  afford  all  the  explanation 
necessary,  if  heat  be  admitted  as  a  constituent  of  bodies, 
equally  essential  as  their  ponderable  elements."  t  This 
may  serve  as  another  illustration  of  the  masterly  grasp  of  Mr. 
Watt's  comprehensive  mind,  which  could  so  early  foresee  all 
that  subsequent  inquiry  has  fully  confirmed. 

M.  I^avoisier,  in  his  celebrated  Memoir,  admits  that  a  partial 
communication  was  made  by  Blagden,  to  him  and  some  other 
members  of  the  French  Academy,  when,  on  the  24th  of  June, 
1783,  along  with  M.  La  Place,  he  tried  the  experiment 
which  they  reported  to  the  Academy  on  the  following  day. 
"  He  informed  us,"  says  Lavoisier,  "  that  Mr.  Cavendish 
"  had  already  attempted  to  bum  inflammable  air  in  close 
"  vessels,  and  that  he  had  obtained  a  very  sensible  quantity  of 
"  water."     He  thus  confines  the  extent  of  the  communication 


♦  •  Elements  of  Chemistry.'  p.  42.  f  IW«U  p.  154. 
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within  very  narrow  limits;  for  neither  the  experiment  nor 
the  result,  as  thus  reported,  was  anything  more  than  had 
*been  effected  by  Warltire  and  Priestley.  Evidently  he  did 
not  intend  to  admit  that  he  knew  of  any  conchmon^  as  to  the 
real  origin  of  the  water,  having  been  drawn  by  Cavendish ; 
for  in  a  subsequent  part  of  the  same  memoir,  he  takes  to  his 
coadjutor  and  himself  the  credit  of  drawing  such  conclusion : 
— "  we  did  not  hesitate  to  conclude  from  it,  that  water  is  not 
"  a  simple  substance,  and  that  it  is  composed,  weight  for 
"  weight,  of  inflammable  air,  and  of  vital  air."  He  adds  also, 
that  they  were  then  ignorant,  and  did  not  learn  for  some 
days,  that  M.  Monge  was  occupied  on  the  same  subject. 

It  may  be  observed  in  passing,  that  as  compared  with  La- 
voisier and  Cavendish,  sufficient  justice  does  not  appear  to 
have  been  done  by  writers  on  this  subject,  to  the  valuable 
labours  of  Monge.  It  is  true,  that  when  we  consider  the 
whole  contents  of  his  paper,  which  includes  some  deductions 
both  hesitating  and  obscure,  and  even,  so  far  as  we  can 
judge,  incorrect ;  and  recollect  the  comparatively  late  period 
at  which  it  was  first  given  to  the  world,  in  the  Memoirs  of 
the  Academy,  we  find  it  impossible,  without  showing  an 
undue  excess  of  favour  to  his  memory,  to  rank  him,  in  respect 
either  of  the  precision,  or  of  the  early  date  of  his  conclusions, 
along  with  any  of  the  other  three  great  philos<^her»  who 
have  been  candidates,  in  either  country,  for  the  credit  of  the 
discovery.  But  his  experiments,  performed  in  the  laboratory 
of  the  School  at  Meziires,  were  on  a  great  scale ;  and  are 
admitted,  by  Lavoisier  and  Meusnier,*  to  have  been  conducted 
with  a  very  exact  apparatus,  and  the  most  scrupulous  atten- 
tion. They  are  described  in  his  paper  in  the  Memoirs  of  the 
Academy  for  1783,  published  in  178G  ;  it  is  not  stated  when 
that  paper  was  read,  but  a  note  mentions  that  they  were 
made  in  June  and  July,  and  repeated  in  October,  1783,  in 
ignorance  of  those  of  Cavendish  in  England,  which  were  on  a 
smaller  scale,  and  of  those  of  Lavoisier  and  La  Place  at  Paris, 
which  were  made  with  an  apparatus  not  fitted  to  attain  so 


•  ••Mtfinoiros  do  rAcademio'  for  1781^  pp.  260.  270. 
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great  exactness.  Lavoisier  and  Honge  thus  ddne 
mutual  ignorance  of  each  other's  proceedings:  lmt¥(ii| 
never  been  accused,  and  may  safely  be  acquitted,  iki 
other  has  been  frequently,  and  with  too  ranch  jarf« 
victed,  of  concealing  previous  knowledge  of  oth»  ma 
ceedings,  in  order  to  increase  the  estimated  amount 
own  merits.  Of  Lavoisier,  indeed,  it  has  been  m 
equal  severity  and  justice,  by  an  ingenious  author  id 
lent  chemist,  "  He  has  done  sufficient,  and  been  pnin 
"  ciently  for  what  he  has  done,  to  satisfy  a  mind  ft 
"  avaricious  of  fame  ;  he  is  deservedly  placed  in  the  ft 
"  among  the  philosophers  of  his  day ;  and  he  oo^ 
"  have  thrown  a  shade  over  his  well-earned  repota 
"  claiming  for  himself  the  honour  of  those  discoveri 
"  he  had  learned  from  another."  * 

The  want  of  any  date  for  either  the  authonhi 
reading  of  M.  Monge's  paper,  between  the  end  of 
1783,  in  which  bis  experiments  were  made,  and  tbi 
1786  in  which  it  was  published,  leaves  us  in  doubt 
far  he  may  have  profited  by  the  lights  which  w( 
that  interval  thrown  upon  the  subject  Certainly 
as  there  given,  are  very  similar  to  those  of  Mr.  V? 
of  April,  1783,  hereafter  to  be  particularly  noticed 
"  lows,"  says  Monge,  "  from  this  experiment,  thi 
'' detonate  inflammable  gas  and  dephlogisticated 
"  considered  as  pure,  we  obtain  no  other  result 
"  water,  the  matter  of  heat,  and  that  of  b'ght."  I 
elusions,  as  further  explained  in  the  same  papc 
clear  and  decided  than  Mr.  Watt's,  or  than  those  c 
and  Cavendish  ;  for  he  hesitates  whether  to  eonsid 
not  a  simple  substance,  or  fire  as  a  compound  < 
encumbered  with  the  uncertainty  of  an  altemati 
— either,  of  different  substances  being  held  in  solo 
fluid  of  fire  considered  as  a  common  solvent,  and 
to  produce  water ;  or  else,  of  the  two  gases  being  i 
water  in  different  elastic  fluids,  which  quit  the  wate 


*  Appendix  to  'Memoirs  of  Priestley/  1806,  p.  25£ 
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in  solution,  in  order  to  combine  and  form  the  fluid  of  fire  and 
light,  which  escaj^es  through  the  sides  of  tlie  vessel  in  which 
the  detonation  takes  place. 

Lavoisier's  paper  having  been  in  part  read  in  November, 
1783,  was  afterwards  published  with  additions,  whicli  are  not 
specifically  distinguished  from  the  original  memoir,  but  are 
said  to  refer  to  the  labour  undertaken  in  common  with  M. 
Meusnier  relative  to  the  same  subject.  The  volume  in  which 
it  appears  was  published  in  1784,  and  is  known  in  the  series 
of  the  ^Mimoires  de  VAcadimU^  as  that  for  1781.  It  arrived 
in  this  country  after  Mr.  Cavendisli's  paper  had  been  read  on 
15th  January,  1784,  but  before  it  was  published  in  that  year  ; 
and  it  is  alluded  to  in  another  addition  to  Mr.  Cavendish's 
paper,  wliich  was  unquestionably  made  after  its  arrival  in 
England,  and  in  which  the  theory  of  the  composition  of  water 
is  more  clearly  stated  than  it  had  been  by  liim  previous  to 
the  enunciation  and  exposition  of  it  by  the  enlightened 
French  chemist.*  A  point  of  internal  evidence  that  seems  to 
fix  within  very  narrow  bounds  the  period  at  which  that 
volume  of  the  French  Memoirs  was  printed,  is,  that  Lavoisier 
therein  speaks  of  Blagden  as  "  avjourcChui  Secretaire  de  la 
*'  Soeidti  Royale  de  Londres ;"  an  office  to  which  he  was  not 
appointed  till  the  5th  of  May,  1784. 

Now,  there  can  be  little  doubt,  that  the  passage  already 
cited,  in  which  Blagden,  in  his  own  hand,  but  in  Cavendish's 
name,  detailed  his  communication  to  Lavoisier,  was  written 
to  supply  the  imperfect  admission  of  tlie  French  author, 
and  to  prevent  those  inferences  as  to  priority  of  the  theory, 
which  otherwise  miglit  have  been  drawn  in  favour  of  La- 
voisier. Considering  the  object  thus  manifestly  in  view,  here, 
if  anywhere,  we  ought  to  look  for  an  explicit  statement  of 
the  earliest  date  at  which  Mr.  Cavendish's  theory  could  be 
said  to  have  been  formed,  wliich,  at  that  time,  there  was  no 
difficulty  in  ascertaining,  and  there  could  have  been  little  in 
establishing;  and  we  are  fairly  entitled  to  hold,  that  the 
earliest  date  consistent  with  the  fact  would  be  assigned,  if  not 


♦  •  Phil.  Trana.'  for  1784.  pp.  150-153. 
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by  the  author  of  the  paper,  at  least  by  his  zealous  and  assi- 
duous friend  who  is  so  much  mixed  up  with  the  transaction. 
All  this  we  say  on  the  supposition,  that  the  question  as  to 
priority  had  arisen  merely  between  Lavoisier  and  Cavendish : 
for  that  is  the  whole  length  that  our  statement  lias  as  yet 
gone.  We  shall  presently  see  whether  other  circumstances 
had  not  in  the  meantime  arisen,  which  called  still  more  loudly 
for  that  full,  clear,  and  precise  declaration  which  was  to  have 
been  expected ;  and  wliich  was  absolutely  indispensable,  in 
order  to  authenticate  for  the  theory  which  Mr.  Cavendish 
stated  to  the  Boyal  Society  on  the  15th  January,  1784,  an 
earlier  date  than  its  publication  on  that  day  could  ensure. 
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CHAPTER   XXL 

MB.  watt's  examination  OF  DR.  PBIESTLET'b  EXPERIMENTS  IN  MARCH 
AND  APRIL,  1783  —  HIS  CONCLUSIONS  AS  TO  THE  COMPOSITION  OF 
WATER  —  HIS  LETTER  TO  DR.  PRIESTLEY  —  DELAY  IN  READING  IT  BE- 
FORE THE  ROYAL  SOCIETY  —  KNOWN  TO  CAVENDISH,  BLAGDEN,  AND 
■  IJkYOISIEB,  IN  1783  —  cavendish's  paper  of  JANUARY,  1784  —  APPA- 
RENT PLAGIARISM  —  CURIOUS  DOUBLE  TYPOGRAPHICAL  ERRORS  —  BLAG- 
den's  LETTER  TO  CBELL,  1786. 

Mr.  Watt,  in  whose  neighbourhood  Dr.  Priestley  says  he 
had  "  the  happiness  to  be  situated,"  and  with  whom,  as  has 
been  mentioned,  he  was  on  terms  of  friendship  and  frequent 
intercourse,  had,  previous  to  1783,  for  many  years  entertained 
an  opinion  that  air  was  a  modification  of  water ;  and  that,  if 
steam  could  be  made  red-hot,  so  that  all  its  latent  heat 
should  be  converted  into  sensible  heat,  either  the  steam  would 
be  converted  into  permanent  air,  or  some  other  change 
would  take  place  in  its  constitution.  "  You  may  remember," 
he  writes  to  Mr.  Boulton,*  "  that  I  have  often  said,  that  if 
"  water  could  be  heated  red-hot  or  something  more,  it  would 
"  probably  be  converted  into  some  kind  of  air,  because  steam 
"  would  in  that  case  have  lost  all  its  latent  heat,  and  that  it 
"  would  have  been  turned  solely  into  sensible  heat,  and  pro- 
"  bably  a  total  change  of  the  nature  of  the  fluid  would 
**  ensue."  And,  so  early  as  13th  December,  1782,  he  talks  of 
processes  "  by  which,"  he  says,  "  I  now  believe  air  is  gene- 
"  rated  from  water ;"  using  the  expression,  "  if  this  process 
**  contains  no  deception,  here  is  an  eflectual  account  of  many 
"  phenomena,  and  one  element  dismissed  from  the  list,''  f 

Being  thus,  even  at  that  time,  prepared  to  expect  that 
water  was,  in  some  way  or  other,  convertible  into  air,  he  di- 
rected his  attention  to  Dr.  Priestley's  experiment,  whicli  he 


•  loth  December,  1782. 

t  Mr.  Watt  to  Mr.  De  Luc,  13th  December,  1782. 
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thus  accurately  relates:  ''He  puts  dry  dephlogistiniela 
"  and  dry  iuflammable  air  into  a  close  vessel,  aod  Vali 

them  by  electricity.     No  air  remains,  at  least  if  dtt  tii 

were  pure,  but  he  finds  on  the  sides  of  the  vessel  aqvuiif 

of  water  equal  in  weight  to  the  air  employed.*"*  Ills 
tlian  a  month  after  he  thus  mentions  his  knowledge  dM  ^^ 
experiment,  we  find  him  writing  to  Dr.  Black  that  he*W 
"  lieves  he  has  found  out  the  cause  of  the  conversion  of 
"  into  air;"t  w^d  giving  the  very  words  in  which,  bodi 
that  day,  and  a  few  days  later,  he  stated  his  ooncluaMB 
the  letter  to  Dr.  Priestley,  which  he  desired  might  be  reilli 
the  Eoyal  Society : — "  In  the  deflagration  of  the  inflamniHi 
"  and  dephlogisticated  airs,  the  airs  unite  witli  vidence,— W 
"  come  red-hot, — and,   on  cooling,  totally  disappear.  TV 
'*  only  fixed  matter  which  remains,  is  water  ;  and  water,  fifk. 
''  and  fieaty  are  all  the  products.     Are  we  not  then  authond 
'^  to  conclude,  tliat  water  is  composed  of  dephlogisticated  ill 
'*  inflammable  air,  or  phlogiston,  deprived  of  part  of  their 
"  latent  heat ;  and  that  dephlogisticated,  or  pure  air,  is  emr 
'^  posed  of  water  deprived  of  its  phlogiston,  and  united  to 
*'  heat  and  light ;  and  if  light  be  only  a  modification  of  heili 
**  or  a  component  part  of  plilogiston,  then  pure  air  consistict 
"  water  deprived  of  its  pldogiston  and  of  latent  heat?"    Ifc 
same  conclusions  are  given  in  otlier  letters  written  nearly  i* 
the  same  time ;  but  nowhere  are  they  more  clearly,  brieflr* 
or  forcibly  stated,  than  in  that  to  Mr.  Gilbert  Hamilton  d 
the  22nd  of  April,  where,  after  a  short  enumeration  of  Faci^ 
beginning  with  the  result  of  Dr.  Priestley's  exj^eriment,  (cXknr 
these  Deductions. 

"  Pure  inflammable  air  is  phlogiston  itself. 

"  Dephlogisticated  air  is  water  deprived  of  its  phlogiston,  (oA 
"  united  to  latent  heat, 

"  Water  is  dephlogisticated  air  deprived  of  part  of  its  laM 
"  Jieat,  and  united  to  a  large  dose  of  phhgisUnu^^ 

In  writing  to  Sir.  De  Luc,  four  days  aftenvards,  **  These," 


*  To  bis  brotlu  r-in-law,  l^lr.  Gilbert  Hamilton,  26th  March,  17S3. 
t  21st  April,  1783. 
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says  Mr.  Watt, "  seem  bold  propositions,  but  I  think  they  follow 
"  fix)m  the  present  state  of  the  experiments ;  and  if  I  were 
"  at  leisure  to  write  a  book  on  the  subject,  I  think  I  could 
"  prove  that  no  experiment  hitherto  made  contradicts  them, 
"  and  that  the  greater  number  of  experiments  affirm  theuL"  * 
To  others  of  his  correspondents  he  announced  his  theory  in 
similar  terms.  To  Mr.  Smeaton,  writing  that  he  has  '^at- 
"  tempted  to  demolish  two  of  the  most  ancient  elements — air 
"  and  water  ;"t  ai^d  to  Mr.  Fry,  giving  particular  directions 
for  the  production  of  water  and  of  [dephlogisticated]  air: — 
"  Dr.  Priestley,  as  you  observe,  converts  water  into  air,  and 
"  air  into  water,  and  I  have  found  out  the  reason  of  all  these 
'*  wonders,  and  also  what  air  is  made  of,  and  what  water  is 
"  made  of;  for  they  are  not  simple  elements. — I  have  written 
"  a  paper  on  the  subject,  and  sent  it  with  Dr.  Priestley's  to 
"  the  Royal  Society.  It  is  too  long  to  give  you  even  an 
"  abstract  of  it,  but  if  you  will  forgive  me  the  reasoning,  I 
"  will  add  the  receipt  below  for  making  both  these  elements. 

"  To  make  Water. — 

"  R.  Of  pure  air  and  of  phlogiston  Q.S.,  or  if  you  wish  to 
"  be  very  exact,  of  pure  air  one  part,  of  phlogiston,  in  a  fluid 
"  form,  two  parts,  by  measure.  Put  them  into  a  strong  glass 
"  vessel,  which  admits  of  being  shut  quite  close ;  mix  them, 
"  fire  them  with  the  electric  spark ;  they  will  explode,  and 
"  throw  out  their  elementary  heat.  Give  that  time  to  escape, 
"  and  you  will  find  the  water,  (equal  in  weight  to  the  air), 
**  adhering  to  the  sides  of  the  vessel.  Keep  it  in  a  phial  close 
"  corked  for  use. 

"  To  make  Air. — 

"  Take  pure  water  Q.V.,  deprive  it  of  its  phlogiston  by 
"  any  practicable  metliod,  add  elementary  heat  Q.S.  and  distil. 
"  You  will  obtain  pure  air,  to  be  preserved  as  above."  J 

It  will  be  remembered,  that  in  the  letter  to  Mr.  Hamilton 
he  had  shown  his  belief  to  be,  that  pure  inflammable  air  and 

♦  26th  April,  1783.  f  27th  April,  1783.  t  28th  April,  1783. 
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phlogiston  were  exactly  synonymoiis ;  and  it  is  Tery 
able,  tliat  the  proportions  of  the  two  gascB  which  he  Hn^ 
to  be  fired,  viz.,  of  pure  air  one  part,  and  of  inflamnnHeg 
two  parts,  by  measiu^,  are  exactly  those  which  chemiiti  i 
the  present  day  would  employ. 

It  appears  from  the  letter  to  Dr.  Block  of  the  21  st  clKfi 
that  Mr.  Watt  had,  on  that  day,  written  his  letter  to  Dl 
Priestley,  to  be  read  by  him  to  the  Koyal  Society;  biitci 
the  26th  he  informs  Mr.  De  Luc,  that  having  observed  am 
inaccuracies  of  style  in  that  letter,  he  had  removed  them,  ill 
would  send  the  Doctor  a  corrected  copy  in  a  day  or  tvo, 
which  he  accordingly  did  on  the  28th ;  the  coirected  lette; 
(the  same  that  was  afterwards  embodied  verbatim  in  Ae 
letter  to  Mr.  De  Luc,  printed  in  the  PhiloscqJiical  Tm** 
actions),  being  dated  26th  April,  and  containing,  almoet  ata 
very  commencement^  the  following  passages  : — 

"  The  same  ingenious  philosopher  mixed  together  certai 
"  proportions  of  pure  dry  dephlogisticated  air  and  of  purf 
"  dry  inflammable  air  in  a  strong  glass  vessel,  closely  dill 
*^  and  then  set  them  on  fire  by  means  of  the  electric  qpHt 
^*  The  first  effect  was  the  appearance  of  red  heat  or  inJkB* 
"  mation  in  the  airs,  which  was  soon  followed  by  the  ^ 
'^  vessel  becoming  hot  The  heat  gradually  pervaded  Ai 
'^  glass,  and  was  dissipated  in  the  circumambient  air,  ai^tf 
"  the  glass  grew  cool,  a  mist  or  visible  vapour  appeared  in  ii 
*'  which  was  condensed  on  the  glass  in  the  form  of  moiston 
"  or  dew.  When  the  glass  was  cooled  to  the  temperature  rf 
"  the  atmosphere,  if  the  vessel  was  opened,  with  its  montli 
"  immersed  in  water  or  mercury,  so  much  of  these  liqnidi 
"  entered,  as  was  sufficient  to  fill  the  glass  within  about  j^th 
'*  part  of  its  whole  contents ;  and  this  small  residuiun  mtf 
"  safely  be  concluded  to  have  been  occasioned  by  some  im- 
*'  purity  in  one  or  both  kinds  of  air.  The  moisture  adhering 
'^  to  the  glass,  after  these  deflagrations,  being  wiped  ofi^  or 
"  sucked  up,  by  a  small  piece  of  sponge  paper,  first  carefiJlf 
"  weighed,  was  found  to  be  exactly,  or  very  nearly,  equal  in 
"  weight  to  the  airs  employed.  In  some  experiments,  bnt 
"  not  in  all,  a  small  qxiantity  of  a  sooty-like  matter  was  found 
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-  ?  adhering  to  the  inside  of  the  glass.    The  whole  quantity  of 

-^f  Booty-like  matter  was  too  small  to  be  an  object  of  eonsidera- 

/*  tioiiy  particularly  as  it  did  not  occur  in  all  the  experiments. 

**  Let  us  now  consider  what  obviously  happens  in  the  case 
"  of  the  deflagration  of  the  inflammable  and  deplilogisticated 
^  air.  These  two  kinds  of  air  unite  with  violence  ;  they  be- 
■■  come  red-hot,  and  upon  cooling  totally  disappear.  When 
«  the  vessel  is  cooled  a  quantity  of  water  is  found  in  it  equal 
*?  to  the  weight  of  the  air  employed.  The  water  is  then  the 
•*  only  remaining  product  of  the  process,  and  water^  light,  and 
^  keat  are  all  the  products. 

"  Are  we  noty  </kJ7?,  autharieed  to  cmclude  Hiat  water  is  coin- 
^  pa&ed  of  dephlogUticated  air  and  phloffistoriy  deprived  of  part 
■*  of  their  latent  or  elementary  heat ;  that  dephlogieticated  or 
•*  pure  air  is  composed  of  water  deprived  of  its  phlogiston,  and 
**  united  to  elementary  heat  and  UgM  ;  and  that  tJie  latter  are 
^  eoHtained  in  it  in  a  latent  state,  so  as  not  to  be  sensible  to  the 
**  thermometer  or  to  tfie  eye ;  and  if  light  be  only  a  modification 
**  €f  heat,  or  a  circumstance  attenditig  it,  or  a  component  part  of 
*•  the  inflammable  air,  then  pure  or  dephlogisticated  air  is  com- 
**  posed  of  water  deprived  of  its  phlogiston  and  united  to  ele- 
**  nuntary  heaty  * 

In  enclosing  it,  Mr.  Watt  adds,  "  As  to  myself,  the  more  I 
**  consider  what  I  have  said,  I  am  the  more  satisfied  with  it, 
**  as  I  find  none  of  the  facts  repugnant." 

Thus  was  announced  for  the  first  time,  and  with  as  much 
confidence  as  its  eminent  author  tliought  it  became  any  philo- 
sophical inquirer  to  feel,  when  prosecuting  his  researches  into 
new  departments  of  science,  one  of  the  most  wonderful  dis- 
coveries that  are  recorded  in  its  annals.  Of  startling  novelty, 
of  admirable  simplicity,  it  was  destined  to  lead  to  conse- 
quences of  an  importance  and  grandeur  perhaps  unparalleled, 
except  by  those  wliieh  have  attended  other  exertions  of  the 
same  inventive  mind ;  or  by  those  which,  emanating  from  a 
kindred  intellect,  have  immortalized  the  name  of  Newton. 
It  has  been  justly  termed  tlio  commencement  of  a  new  era, 

*  See  the  Ramo  passages,  priated  iu  the  *  Philosophical  Tninsoctions '  for 
1784.  pp.  331-333. 
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the  dawn  of  a  new  day,  in  physical  inquiry, — tbe  ml  fa» 
elation  of  the  new  system  of  chemistry : — ^nay,  eren  %  diicovm 
"  perhaps  of  greater  importance  than  any  single  &ctilak 
"  human  ingenuity  has  ascertained,  either  before  ot  met** 
The  language  in  which  this  new  and  astonishing  tn&vi 
expressed,  though  plain  and  perfectly  unpretending,  ■• 
clear,  precise,  and  just,  that  Mr.  Cavendish, — acoompUBl 
chemist  and  perspicuous  writer  as  he  was, — could  mf 
scarcely  a  single  word  of  it,  and  that  not  for  the  better,  iks 
nine  months  later  he  made  it  public  as  his  own:  while  I. 
Lavoisier,  when  he  too,  after  it  had  been  explained  to  Lib  If 
Blagden,  ^*  invented  it  himself  ,  and  read  a  paper  on  the  m^ 
"  to  the  Royal  Academy  of  Science^y*  f  altered  only  the  tarn 
which  Mr.  Watt  had  employed  to  express  the  two  gueii  m 
dephlogisticated  air  and  inflammable  air,  or  phl<^istoii,iv 
their  equivalents  in  his  new  nomenclature,  viz.  oxygen  ani 
hydrogen ;  their  equivalents,  that  is  to  say,  tn  the  utm  ■ 
which  Mr.  Watt  had  used  them. 

^'  To  those,"  wrote  Mr.  James  Watt,  junr.,  in  an  interestag 
letter  addressed  to  the  author  of  this  biography,^  **  whomtynk 
*^  to  form  a  just  appreciation  of  the  circumstances  in  which tUi 
"  correspondence  took  place,  and  of  the  merit  that  attiite 
"  to  my  father  for  the  discovery  it  records,  I  beg  to  states  ■ 
'*  the  words  of  the  great  master  of  the  English  tongue,  Ai 
'^ '  it  was  written,  not  in  the  soft  obscurities  of  retirement^  or 
^*  ^  under  the  shelter  of  academick  bowers ;  but  amidst  iaoatr 
"  '  venience  and  distraction,  in  sickness  and  in  sorrow.*  Abort 
"  the  beginning  of  the  year,  when  the  correspondence  con- 
"  mences,  he  had  returned  from  planning  and  superintendiiig 
''  the  erection  of  his  steam-engines,  during  a  long  sojouzn  ii 
^*  Cornwall,  where  he  had  been  much  harassed  by  attempt! 
'^  to  pirate  his  improvements ;    and  he  was,    through  the 


*  Dr.  Thomas  Young,  in  his  re-  t  Dated  Aston  HaH.  5  Fefamrr* 

view  of  Sir  U.  Davy's  *  Elements  of  184G,  and   printed  with   Mr.  Wttt'i 

•  Chemical    Philosophy.*    Quarterly  *  Corresnondence  on  hU  EHscoreiyrf 

K«view  for  Sept.,  1812;  reprinted  in  *  tlie  Theorj'  of  the  Compodtini  rf 

hiH  Works,  vol.  i.  p.  575.    1855.  '  Water/  published  in  the  Mine  veti; 

t  Mr.  Watt  to  Mr.  Fry,  15th  ^lay,  pp.  i.  to  xvi. 
1784. 
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^^^^Ijrtater  part  of  the  subsequent  period,  laboriously  engaged 

^'|Hfti  Tnaking  out  drawings  and  descriptions  for  the  long  speei- 

'^*  JMosfcions  of  his  three  great  patents  for  mechanical  improve- 

^'^^ments  and  inventions,  taken  out  in  the  years  1781, 1782, 

^^Ipsnd  1784,  besides  giving  the  constant  attention  necessary 

^to  the  concerns  of  a  nascent  manufactory,  and  himself 

:^-#*imting  volumes  of  other  letters  on  business,  which  alone 

^'-JtlT would  have  furnished  fiill  employment  even  to  an  indus- 

~  S^irioiis  intellect.     His  mind  had  been  greatly  affected  by  his 

:. ^.'unavoidable  absence  from  the  death-bed  of  his  aged  father; 

■Jf,^  and  during  the  greater  part  of  the  time,  I  well  remember 

}^^^  aeeing  him  suffer  under  most  acute  sick  head-aches,  sitting 

-  ^  by  the  fire-side  for  hours  together,  with  his  head  leaning 

,**  on  his  elbow,  and  scarcely  able  to  give  utterance  to  his 

f«  thoughts.    It  was  unquestionably  the  busiest,  as  well  as  the 

^  moBt  anxious,  period  of  his  life,  and  fraught  with  the  most 

^  important  results.      I  need  not  attempt  to  do  justice  to 

**  them,  for  time  has  sanctioned  the  judgment  of  his  contem- 

**  poraries,  who  had  done  it  already." 

Bnt, — ^to  return  to  Mr.  Watt's  letter  to  Dr.  Priestley,  of 
26ih  April,  1783,—"  This  letter,"  as  is  stated  in  Mr.  Watt's 
Note  published  in  the  Philosophical  Trans€u;tions,  "  Dr.  Priest- 
*•  ley  received  at  London ;  and,  after  showing  it  to  several 
•*  members  of  the  Eoyal  Society,  he  delivered  it  to  Sir  Joseph 
*•  Banks,  the  President,  with  a  request  that  it  might  be  read 

*  at  some  of  the  public  meetings  of  the  Society."  * 

Had  that  been  then  done  as  requested,  there  cannot  be  a 
donfat  in  the  mind  of  any  one  at  all  fitted  to  form  an  impar- 
tial opinion  on  the  subject^  that  all  possibility  of  controversy 
as  to  priority  in  the  discovery  must  have  been  effectually 
pirevented.  It  is  true,  that,  judging  from  what  actually 
occurred,  it  is  difficult  to  say,  even  in  that  case,  what  use 
might  have  been  made  of  the  private  perusal  with  which 
**  several  members  of  the  Eoyal  Society "  were  favoured. 
Lavoisier  in  France  might  even  then  have  displayed  that 
culpable  want  of  a  due  acknowledgment  of  the  aid  he  derived 


♦  'Philosophical  Tmnaactioiifl/  1784,  p.  330.— Note. 
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from  others,  which  is  so  fi^uently  to  be  deplored  in  die 
series  of  his  most  interesting,  able,  and  elegant  ma 
Cavendish  in  England  might  still  have  faOed  to  exen 
that  generous  liberality,  which  ought  to  have  nodori 
eulogy,  or,  at  leasts  to  have  named  with  exact  justice,  a 
sophical  discoverer  who  had  thus  preceded  him  in  the 
path.  But  both  of  those  illustrious  chemists  wotiU, 
events,  have  been  in  that  case  peremptorily  debami 
openly  taking  credit  for  either  priority  or  novelty 
announcement  of  their  thgory ;  and  it  would  have  be 
harder  for  Cavendish  or  his  friend  even  to  have  prete 
as  for  Lavoisier  it  is  absolutely  impossible  to  estal 
right  to  the  claim  of  independent  originality. 

But,  as  it  happened,  the  public  reading  which  had 
requested  by  Mr.  Watt  did  not  take  place  at  tli 
"  Before  that  could  be  complied  with,"  the  note  c< 
"  the  author,  having  heard  of  Dr.  Priestley's  ne^ 
"  ments,  begged  that  the  reading  might  be  delayec 
delay  was,  in  some  small  measure,  unfortunate  for  t 
tific  renown  of  Mr.  Watt;  because  competitors  t 
stepped  in,  and  sought  to  appropriate  that  discovery 
the  world  had  not  yet  heard,  and  which,  at  that  tii 
have  been  by  all  allowed  to  be  honestly,  solely,  and 
ably  his  own.  Bxit  the  misfortune  is  infinitely  inc 
we  consider  it  as  having  led  to  doubts>  seriously  affe< 
reputation  of  those  competitors ;  as  adding  to  tlie 
which  one  of  them  had,  to  the  sorrow  of  science, 
justly  incurred  in  similar  matters ;  and  as  leaving 
fame  of  the  other  what  must  at  least  be  termed  a 
suspicion. 

The  new  experiments  alluded  to  in  the  note.  Pries 
announced  in  these  terms : — "  Behold  with  surprise  at 
"  nation  the  figure  of  an  apparatus  that  has  utteri^ 
"  your  beautiful  hypothesis,"*  giving  a  rough  sketch 
pen  of  the  apparatus  employed.  But  Mr.  Watt  inam 
and  unhesitatingly  replied,    "I  deny  that  your  exj 


•  Dr.  Priestley  to  Mr.  Watt,  29th  April,  17S3. 
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"  niins  my  hypothesis.  It  is  not  founded  on  so  brittle  a  basis 
'^  as  an  earthen  retort,  nor  on  its  converting  water  into  air. 
"  I  founded  it  on  the  other  facts,  and  was  obliged  to  stretch 
"  it  a  good  deal  before  it  would  fit  this  experiment.  *  *  * 
"  I  maintain  my  hypothesis  until  it  shall  be  shown  that  the 
"  water  formed  after  the  explosion  of  the  pure  and  inflam- 
"  mable  airs,  has  some  other  origin."  *  So  to  Mr.  De  Luc: — 
"  I  do  not  see  Dr.  Priestley's  experiment  in  the  same  light 
"  that  he  does.  It  does  not  disprove  my  theory.  *  *  My 
"  assertion  was  simply,  that  air,"  [i.  e,  dephlogisticated  air,  or 
oxygen,  which  was  also  commonly  called  vital  air,  pure  air, 
or  simply  airi]  "  was  water  deprived  of  its  phlogiston,  and 
"  united  to  heat,  which  I  grounded  on  the  decomposition  of 
"  air  by  inflammation  with  inflammable  air,  the  residuum,  or 
"  product  of  which,  is  only  water  and  heat."  f  Even  when 
writing  to  Dr.  Black  that  he  had  withdrawn  his  paper,  he 
adds,  "  I  have  not  given  up  my  theorj%"  J 

But  he  did  withdraw,  or  rather  reserve  the  public  reading 
of  his  paper,  till  he  should  further  examine  the  new  experi- 
ments which  were  said  to  be  hostile  to  the  doctrine  which  it 
unfolded ;  and  also,  as  he  adds  with  his  usual  modesty,  because 
he  was  "  informed  that  that  theory  was  considered  too  bold, 
and  not  sufliciently  supported  by  facts." §  "Mr.  Watt 
then  wished,"  as  it  is  more  fully  expressed  in  a  work  pub- 
lished shortly  afterwards,  "  tliat  the  letter  should  not  be  read 
at  the  public  meeting  of  the  Society,  because  he  learned 
that  his  theory  was  thought  too  bold,  or  that  a  substance 
"  such  as  water,  till  then  considered  as  of  the  nature  of  an 
"  element,  was  there  placed  in  the  class  of  compounds.''  ||  But 
the  letter  itself,  after  being  read  by  many  members,  remained 
in  the  custody  of  the  President  till  the  day  when  it  was  read 
to  the  Society,  22nd  April,  1784,  as  is  well  ascertained  jGrom 
Mr.  Watt's  letter  to  Blagden  of  27tli  Jlay,  1784. 

On  the  Tipright  and  unsuspecting  philosopher,  whose  diffi- 


•  Mr.  Watt  to  Dr.  Priestley,  2nd  §  Mr.  Watt  to  Sir  Joseph  Bonks. 

May.  1783.  12th  April.  1784. 

t  To  Mr.  Do  Luc,  18th  May,  1783.  ||  Do  liUc.  *  Mcteorologic,'  torn,  ii., 

I  To  Dr.  Black,  23rd  Jim©;  1783.  p.  216.     178t>. 
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dence  of  his  own  admirable  judgment,  and  **  respect  for  the 
"  opinions  of  others  where  he  thought  they  might  merit  it," 
had  led  him  thus  to  delay  what  he  calls  ^'  the  first  attempt 
"  he  had  made  to  lay  any  thing  before  the  public,"  a  new 
and  unpleasant  light  was  destined  soon  to  break.  But  in  the 
meantime,  having  by  additional  experiments  still  further 
satisfied  himself  of  the  correctness  of  his  theory,  in  which  he 
had  never  been  able  to  detect  error,  and  the  truth  of  which 
he  now  held  to  be  abundantly  confirmed,  he  proceeded,  towards 
the  end  of  November,  tranquilly  to  occupy  himself  in  pre- 
paring a  more  full  statement  of  it,  to  be  sent  to  his  friend  De 
Luc,  for  the  purpose  of  being  read  to  the  Eoyal  Society.  By 
the  1st  of  December,  however,  we  find  that  he  had  received 
accounts  of  an  occurrence  which  appeared  to  stand  much 
in  need  of  explanation ;  and  which,  after  that  had  been  ob- 
tained, proved  little  to  the  credit  of  some  of  those  concerned. 
"  I  was,"  he  says,  in  writing  to  Mr.  De  Luc,*  "  at  Dr. 
"  Priestley's  last  night  He  thinks,  as  I  do,  that  Mr.  Lavoi- 
'^  sier,  having  heard  some  imperfect  account  of  the  paper  I 
'^  wrote  in  the  Spring,  has  run  away  with  the  idea,  and  made 
*'  up  a  memoir  hastily,  without  any  satisfactory  proofs.  How 
**  that  may  be,  I  cannot  take  on  me  to  say ;  but  if  you  will 
read  the  47tli  and  48th  pages  of  Mr.  De  la  Place's  and  his 
Memoir  on  Heat,  you  will  be  convinced  that  they  had  no 
'*  such  ideas  then,  as  they  speak  clearly  of  the  nitrous  acid 
"  being  converted  into  air.  I  therefore  put  the  query  to  you 
"  of  the  propriety  of  sending  my  letter  to  pass  through  their 
"  hands  to  be  printed ;  for  even  if  this  theory  is  Mr.  Lavoi- 
"  sier's  own,  I  am  vain  enough  to  think  that  he  may  get  some 
<*  hints  from  my  letter,  which  may  enable  him  to  make  expe- 
"  riments,  and  to  improve  his  theory,  and  produce  a  memoir 
"  to  the  Academy  before  my  letter  can  be  printed,  which  may 
'*  be  so  much  superior  as  to  eclipse  my  poor  performance,  and 
"  sink  it  into  utter  oblivion ;  nay,  worse,  I  may  be  condemned 
*'  as  a  plagiary,  for  I  certainly  cannot  be  heard  in  opposition 
"  to  an  Academician  and  a  Financier.     *    *    But,  after  all. 


♦  30th  November,  1783. 
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"  I  may  be  doing  Mr.  Lavoisier  injustice.  *  *  I  see  it,  on 
'^  the  one  hand,  so  difficult  to  satisfy  those  nice  chemists, 
"  and,  on  the  other  hand,  so  difficult  to  be  allowed  even  the 
'*  honour  of  the  discovery,  that  I  am  nearly  discouraged, 
either  from  publishing  at  all,  or  trpng  any  more  experi- 
ments ;  as  it  seems  to  be  losing  my  labour  and  procuring 
"  myself  disquiet."  "  M.  Lavoisier,"  he  also  wTites,  "  has 
"  read  a  memoir  opening  a  theory  very  similar  to  mine  on 
"  the  composition  of  water ;  indeed,  so  similar,  that  I  cannot 
"  help  suspecting  he  has  heard  of  the  theory  I  ventured  to 
"  form  on  tliat  subject,  as  I  know  that  some  notice  of  it  was 
"  sent  to  France."  * 

To  this  conjecture,  Sir.  Kirwan  was  able,  in  his  reply,  to 
add  the  most  positive  assurance.  "  SI.  Lavoisier,"  he  writes, 
"  certainly  learned  your  theory  from  Dr.  Blagden,  who  first 
"  had  it  from  Mr.  Cavendish,  and  afterwards  from  your  letter 
"  to  Dr.  Priestley,  which  he  heard  read,  and  explained  the 
"  wliole  minutely  to  M.  Lavoisier  last  July."     [June.]  t 

The  letter  was,  of  course,  well  known  to  Dr.  Priestley, 
who  received  it,  perused  it,  and  at  once  occujned  himself  in 
answering  it,  and  to  Sir  Joseph  Banks,  in  whose  hands  it 
long  remained.  But  that  it  was  also  read  by  many  other 
members  of  the  Royal  Society,  thougli  not  then  at  a  public 
meeting  of  the  body,  there  cannot  be  any  manner  of  doubt. 
For  we  have  not  only  the  direct  statement  of  Mr.  Watt  to 
that  effect,  published  in  the  Philosophical  Transactions  in 
1784,  under  the  direct  superintendence  of  Dr.  Blagden,  and 
repeated  by  Mr.  De  Luc  in  178G,J  but  we  have  Blagden 
admitting  liis  own  l«iowledge  of  the  paper,  both  in  the  state- 
ment which  he  says  he  made  to  Lavoisier  in  June,  and  in  his 
letter  which  Crell  printed  in  1786,  of  which  we  shall  pre- 
sently have  much  more  to  say.  Mr.  Kirwan's  letter  com- 
pletes the  demonstration  of  Blagden  having  acquired  a 
minute  knowledge  of  the  paper,  some  time  at  least  before  he 
went  to  Paris,  which  was  not  later  than  the  beginning  of 


•  To  Mr.  Kirwan,  lut  December,      December,  1783. 
1783.  I  •  Meteorologio,'  vol.  ii.,  p.  216. 

t  Mr.  Kirwan  to  Mr.  Watt,  13th 
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Jime.*  It  also  appears  very  probable,  (as  it  was  Hi 
meant  by  Kirwan,  and  understood  by  Mr.  Watt),  diil 
first  account  of  5Ir.  Watt's  theory  which  Blagden 
received,  he  had  from  Cavendish.  For  the  words  are, ' 
"  voisier  learned  your  theory  from  Dr.  Blagden,  who  fa 
**  it  from  3Ir.  Cavendish,  and  afterwards  from  your  fctl 
"  Dr.  Priestley,  which  he  heard  read.*'  The  theofj 
spoken  of  is  not  said  to  have  been  one  which  had 
formed  by  Cavendish,  or  which  merely  bore  some  n 
blance,  whetlier  general  or  close,  to  that  of  Mr.  Watt; 
Mr.  Watts  own  theory  alone  that  is  spoken  of ;— the 
that  Blagden  more  closely  studied  when  he  read  the  | 
in  which  it  was  explained,  but  which  he  first  apj)eai8to 
heard  of  from  Cavendish's  report.  Such  is  the  only  b 
and  obvious  sense  of  Blagden's  words,  as  reported  by  Ki 
and,  tliough  it  is  by  no  means  essential  to  our  argum 
insist  upon  it,  they  are  almost  incapable  of  any  othei 
pretation.  We  are,  however,  perfectly  justified  in  aa 
that  tivo  such  theories,  so  novel  and  strange  as  to  b 
deemed  incredible,  could  scarc<*ly  have  come  to  any 
science,  or  even  any  pretender  to  scientific  knowled^ 
from  one  discoverer  and  then  from  another,  both  wit 
same  month, — perhaps  on  the  same  day, — without  < 
some  observation  on  so  marvellous  a  coincidence, — « 
ther  explanation — some  particular  inquiry,  as  to  the  i 
manner  of  the  tlieory  being  announced,  or  formed, 
discoverer  respectively.  Still  more  strongly  does  thi 
apply,  from  the  circumstance  of  Blagden  being  well  ac 
with  Cavendish's  proceedings.  If  the  theories  had  t 
distinct,  but  if  Jlr.  Watt's  so  much  resembled  anc 
viously  formed,  as  to  be  spoken  of  and  treated  as  1 
would  Blagden  have  had  no  wonder  to  express,  no  di 
ment  to  feel,  at  his  patron  having  been  both  rivall 
formation  of  it,  and  certainly  anticipated  in  the  a 
ment  ?    Would  he  have  had  no  explanation  to  offer, 


•  We  know,  from  a  private  lctt4.r     Juno  bo  Lad  been  in  Pari 
of  Blagden'8,  that  on  tlio  llth  of     days. 
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ority  to  attempt  to  sustain, — ^no  originality  to  claim  for  Mr. 
Cavendish,  even  if  that  gentleman  was  unwilling  to  do  so  for 
himself?  AVe  repeat  it : — the  only  theory  alluded  to  here,  is, 
80  far  as  appears,  that  which  Mr.  Watt  conceived,  and  which 
he  alone  had  as  yet  committed  to  writing.  Such  was  evi- 
dently Mr.  Watt's  own  view  of  the  meaning  of  Mr.  Kirwan'a 
communication ;  and  we  are,  however  unwillingly,  compelled 
to  admit  that  the  first  part  of  the  great  engineer's  reflections 
on  the  tidings  sent  by  Kirwan  may  have  been  applicable  in 
other  quarters  than  that  to  which  he  then  directed  it.  "  You 
"  see,"  he  says,  "  from  the  above  that  it  is  possible  for  a  phi- 
*'  losopher  to  be  disingenuous.  For  M.  Lavoisier  had  heard 
"  of  my  theory  before  he  formed  his,  or  before  he  tried  the 
"  experiment  of  burning  dephlogisticated  and  inflammable 
"  airs  together,  and  saw  the  product  was  water."* 

Mr.  De  Luc  having  gone  to  Paris  in  December,  1783,  and 
there  passed  the  month  of  January,  1784,  retximed  to  England 
in  February,  when  liis  letters  to  Mr.  W^att  were  resumed.  In 
the  meantime,  on  the  15th  January,  Mr.  Cavendish  had  read 
to  the  Royal  Society  the  first  part  of  his  celebrated  *  Experi- 
*  ments  on  Air,'  of  which  the  second  part  was  not  read  till  the 
2nd  of  June,  1785.  In  one  of  Mr.  De  Luc's  letters,  dated  Ist 
March,  1784,  he  mentions  that  he  had  heard  some  particulars 
of  the  paper  which  Mr.  Cavendish  had  read,  but  nothing  con- 
cerning the  conclusions  stated  in  it  as  to  the  composition  of 
water  appears  to  have  been  then  reported  to  liim.  The  imper- 
fect accoimt  which  he  thus  received  came  from  l)r.  Blagden. 
As  the  paper,  however,  was  said  to  have  included  a  thorough 
examination  of  the  combxistion  of  the  two  airs,  he  reqxiested 
Mr.  Cavendish's  permission  to  see  it,  which  was  granted. 

The  consternation  into  which  he  was  thrown  on  perusing 
it  for  the  first  time  is  well  depicted  in  the  close  of  the  same 
letter  : — "  Being  at  this  point  of  my  letter,  I  have  received 
Mr.  Cavendish's  paper,  and  have  read  it ! !  ,  .  .  .  Ex- 
pect something  that  will  astonish  you  as  soon  as  I  can  \vrite 
to  you.    .    .    .    Meanwhile,  tell  no  one.    ,     .    .    In  shorty 


*  Mr.  Watt  to  Mr.  Do  Lnc,  30tli  December,  1783. 
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"  he  expounds  and  proves  your  system^  word  for  wordy  and 
"  makes  no  mention  whatever  of  you.'' 

The  fact,  however  surprising,  and  whatever  inferences  may 
be  drawn  from  it,  was  literally  true.  In  the  whole  of  that 
paper,  as  Mr.  De  Luc  saw  it,  and  as  it  had  been  read  at  the 
Royal  Society,  the  learned  chemist  who  had  so  carefully  pre- 
pared it  had  never  once  named  James  Watt,  whose  theory 
on  the  same  subject  had  become  "  known  to  all  the  active 
"  members "  of  the  same  Royal  Society  for  nearly  nine 
months;  had  been  announced  and  confirmed  at  Paris  for 
nearly  seven  months,  and  was  all  the  wliile  minutely  familiar 
to  Blagdcn,  the  chosen  friend  and  constant  companion  of 
Cavendish,  professing  to  be.  engaged  in  the  same  pursuits 
with  him,  and  who  certainly  was,  as  De  Luc  has  elsewhere 
said,  "  informed  of  all  his  experiments,  as  well  as  of  those  of 
"  Dr.  Priestley,  and  of  the  ideas  of  Mr.  Watt." 

Mr.  De  Luc,  in  his  letter  of  the  Ist  March,  had  promised 
an  analysis  of  Cavendish's  paper,  and  on  the  same  day  began 
a  long  transcript  of  its  principal  parts,  which  he  finished  on 
the  4th  March,  and  sent  to  Mr.  Watt  in  a  letter,  which 
showed  that,  on  a  further  examination,  his  amazement  had 
not  subsided.  Having  endeavoured,  in  some  degree,  to  defend 
Lavoisier  and  La  Place  from  the  charge  of  le  Plagiaty  he 
says — "  But  that  which  is,  on  the  other  hand,  perfectly  clear, 
precise,  astonishing,  is  the  memoir  of  Mr.  Cavendish.  Your 
oum  terms,  in  your  letter  of  April  to  Dr.  Priestley,  given  as 
something  new,  by  some  one  who  must  have  known  that  letter^ 
"  which  was  knoum  to  all  the  active  members  of  the  Royal 
"  Society — to  Br.  Blagden  above  all,  (for  he  said  he  had 
"  spoken  of  it  to  Messrs.  Lavoisier  and  La  Place),  who  well 
"  knew  ]VIr.  Cavendish's  memoir,  both  before  it  was  read  to 
"  the  Royal  Society,  and  at  its  reading,  and  who  conversed 
"  with  me  about  it,  as  I  told  you  in  my  last — ^me,  whom  he 
"  knows  to  be  your  zealous  friend."  After  strongly  recom* 
mending  caution,  De  Luc  says — "  It  is  yet  possible  that  Mr. 
"  Cavendish  does  not  tliink  he  is  pillaging  you,  however  pro- 
"  bable  it  is  tliat  he  does  so ;"  giving  as  his  reasons  for 
desiring  to  entertain  so  charitable  a  hope,  that  Cavendish  had 
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not  objected  to  let  liim  peruse  his  paper,  and  also  the  cha- 
racter which  both  Cavendish  and  Blagden  had  previously 
maintained.  The  force  of  the  first  of  these  considerations  is 
much  diminished,  when  we  remember,  tliat  the  paper  in 
question  had  already  been  made  public  to  a  great  extent  by 
being  read  at  the  Royal  Society,  and  was,  besides,  soon  to  be 
printed  in  the  PJiilosophical  Transactions:  so  that  there 
could  be  no  possibility  of  keeping  it  secret,  had  that  been 
desired.  And  the  character  of  Mr.  Cavendish  was  clearly  no 
excuse  for  the  entire  suppression  of  Mr.  Watt's  name  in  his 
paper ;  a  defect  which  was  afterwards,  in  Blagden's  interpo- 
lation, most  inadequately  remedied ;  and  which  must  ever 
remain  a  reproach  both  to  Cavendish  and  to  his  companion 
Blagden,  whose  early  and  intimate  knowledge  of  Mr.  Watt's 
letter  to  Priestley  has  been  so  completely  proved. 

In  the  very  delicate  and  disagreeable  circimistances  which 
had  thus  occurred,  Mr.  De  Luc  suggested  two  modes  of  pro- 
ceeding :  the  one,  to  suffer  in  silence  the  injustice  which  he 
could  not  but  feel  had  been  done,  in  which  case  he  engaged 
to  print  the  letters  to  Dr.  Priestley  and  himself,  with  their 
dates,  in  a  work  he  was  then  preparing ;  the  other,  to  make 
the  matter  more  public,  by  requesting  Sir  Joseph  Banks  to 
cause  botli  the  letters  to  be  read  to  the  Royal  Society.  In 
recommending  the  former,  the  too  discreet  philosopher  used 
these  words : — "  I  sliould  almost  advise  it,  considering  that, 
"  in  your  position  of  drawing  from  your  discoveries  practical 
"  consequences  for   your  fortune,  you   must  avoid  making 

He  had  yet  to  learn  the  full  extent  of  the  manly  virtue  of 
his  friend ;  who,  while  he  declined  to  make  any  attack  upon 
Mr.  Cavendish,  admitting,  j)erliaps  with  a  somewhat  extrava- 
gant liberality,  that  it  was  "barely  possible"  that  he  might 
not  have  heard  of  his  theory,  still  spoke  in  a  strain  of  honest 
indignation  of  the  plagiarism  which  he  felt  there  was  too 
much  room  to  believe  had  been  effected,  of  the  wound  which 
his  scientific  fame  had  been  made  to  suffer,  and  of  the  hard- 
ship of  being  thus  anticipated  in  the  first  attempt  he  had 
made  to  lay  anything  before  the  public.     "  As  to  what  you 


342  LIFE  OF  WATT.  Cup 

«  say,"  he  wrote,  "  about  making  myseV dei  jdm,^ 
"  would  weigh  little ;  for,  were  I  convmced  I  had  ki 
"  play,  if  I  did  not  assert  my  right,  it  would  either  be  I 
"  contempt  for  the  modicum  of  reputation  which  wodl 
**  from  such  a  theory,  from  a  conviction  in  my  own  mi 
"  I  was  their  superior,  or  from  an  indolence  th»t  e 
"  more  easy  for  me  to  bear  wrongs,  than  to  seek  redw 
"  point  of  interest,  so  far  as  connected  ^ith  mow 
"  would  be  no  bar :  for  though  I  am  dependent  onth 
"  of  the  public,  I  am  not  on  Mr.  C.  or  his  friends,  ai 
"  despise  the  united  power  of  the  illuMrious  houHcfC 
"  as  ilr.  Fox  calls  them.  You  may,  perhaps,  be  m 
"  find  so  much  pride  in  my  character.  It  does  not  s 
"  compati])le  with  the  diffidence  that  attends  my  c 
"  general.  I  am  diffident,  because  I  am  seldom  ce 
"  I  am  in  the  right,  and  because  I  pay  respect  toth 
"  of  others,  where  I  think  they  may  merit  it.  At 
"  me  sens  un  peu  blessS ;  it  seems  hard,  that  ii 
"  attempt  I  have  made  to  lay  any  thing  before  thi 
"  should  be  thus  anticipated.  It  will  make  me  ca 
"  I  take  the  trouble  of  preparing  any  tiling  for  th( 
"time."' 

What  followed  may  be  very  briefly  told :  "  Ht 
"  intention  of  being  in  London  in  the  ensuing  w( 
"  opinion,  that  the  reading  of  his  letter  to  the  Re 
"  will  be  the  proper  step  to  be  taken.  He  accor 
"  there,  waited  upon  the  President  of  the  Royal 
"  Joseph  Banks,  was  received  with  all  the  eourte 
"  feeling  wliich  distinguished  that  most  honoiirab 
"  it  was  settled,  that  both  the  letter  to  Dr.  Pries 
"  April,  1783,  and  that  to  Jlr.  De  Luc  of  2Gth 
"  1783,  should  be  successively  read.  The  form< 
"  on  the  22nd,  and  the  latter  on  the  29th  Api 
and  it  is  said  by  Sir  Joseph  Banks,  that  "bot 


•  Mr.  Wutt  to  Mr,  De  Luc.  6tli     nddi^cl  to  Lord  Brongh 
March,  1784.  Note.  —  Sec   Translat 

t  Not©  by  Mr.  James  Wutt,  jnnr.,      *Elog(V  p.  104. 
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"  to  meet  with  great  approbation  from  large  meetings  of 
«  FeUows."  * 

Both  of  the  letters  were  ordered  by  the  Committee  of 
Papers  to  be  printed,  and  it  was  arranged  tliat  the  best  form 
in  which  that  could  be  done,  in  order  to  avoid  repetition,  was 
by  incorporating  the  first  with  the  second,  which  was  accord- 
ingly the  plan  adopted ;  "  but,"  as  the  note  in  the  Philoso- 
phical Transactions  bears,  "  to  authenticate  the  date  of  the 
"  autlior's  ideas,  the  parts  of  it  which  are  contained  in  the 
"  present  letter  are  marked  wdth  double  commas." 

Blagden  became  Secretary  of  the  Royal  Society  on  the 
5th  of  May,  1784 ;  and  to  him,  in  virtue  of  his  office,  was 
entrusted  the  superintendence  of  the  printing  of  Mr.  Watt's 
paper.  In  his  letters  on  that  subject,  he  appeared  perfectly 
willing  to  attend  with  care  to  the  publication ;  and  in  one 
of  them  oflfered,  should  ]\Ir.  Watt  desire  it,  to  send  him  the 
proof-sheets  for  correction.  ]\Ir.  Watt,  residing  at  a  distance 
from  town,  declined  his  offer;  a  resolution  which  he  had 
afterwards  reason  to  regret ;  for  the  consequence  has  been, 
that  in  his  paper,  as  it  stands  in  the  Philosophical  Trans- 
actions, there  is  a  very  unfortunate  error  of  the  press.  The 
date  of  the  letter  to  Sir.  De  Luc,  which  we  Jiave  just  seen 
was  26th  November,  1783,  is  there  given  as  26th  November, 
1784.  It  is  true  that  the  date  of  the  reading  of  the  paper  is 
rightly  given ;  it  has  also  been  lately  discovered  that  the 
misprint  is  noticed  in  the  errata  at  the  end  of  the  volume  of 
the  Philosophical  Transactions  in  which  it  appears ;  and 
therefore  that  error  might  not  always  mislead:  but,  con- 
sidering all  that  had  previously  occurred,  it  was  of  great 
importance  that  every  date  establishing  Mr.  Watt's  priority 
should  be  accurately  printed,  and  what  we  shall  in  this 
instance  call  carelessness,  even  if  freed  from  blame,  must  on 
every  account  remain  matter  of  regret. 

But  this  is  not  all.  Of  Mr.  Cavendish's  paper  there  were 
a  number  of  separate  copies  thrown  ofiF,  which  were  widely 
circulated   throughout  Europe  by  himself  and  his   friends. 


♦  Sir  Joarph  Tkuiks  to  Mr.  W^att.  11th  May.  1784. 
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before  the  seventy-fourth  volume  of  the  Philosophical  Trans- 
actions, in  which  it  was  to  be  contained,  made  its  appearance. 
These  also,  it  is  presumed,  had  been  printed  under  the  super- 
intendence of  Dr.  Blagden,  and  of  Mr.  Cavendish.  They  all 
bear  on  their  title-page,  that  Mr.  Cavendish's  paper  was 
"  read  at  the  Eoyal  Society,  January  15,  1783."  Moreover, 
the  true  date,  1784,  which  is  placed  at  the  head  of  that  paper 
as  it  stands  in  the  Philosophical  Transactions,  is  not  given  at 
all  in  those  separate  copies.  We  annex  a  fac-simile  of  the 
erroneous  title-page,  which,  it  must  be  admitted,  is  most 
highly  suspicious,  and,  to  say  the  least,  far  from  creditable  to 
the  accuracy  of  Messrs.  Cavendish  and  Blagden. 

It  is  said,  on  the  strength  of  a  draft  of  a  letter  reported 
to  have  been  found  among  Cavendish's  papers,  that  in  one 
instance,  more  than  a  year  afterwards,  (when  the  error  had 
already  been  propagated  in  most  of  the  scientific  Journals  of 
the  Continent,  and  when  also  the  Philosophical  Transactions 
with  the  true  date  of  the  reading  of  the  paper  had  come  into 
circulation),  Mr.  Cavendish  desired  that  it  might  be  cor- 
rected. We  have  no  desire  to  take  from  him  the  credit  of 
having  done  so,  or  intended  to  do  so,  in  that  instance,  although 
no  proof  has  been  produced  of  sucli  a  letter  having  ever  been 
actually  sent  by  him,  or  received  by  any  one  else.  But  the 
error  continued  long  afterwards  to  have  its  natural,  unjust 
elfect.  For  Cuvier,  writing  at  the  distance  of  four  and  twenty 
years  from  the  circulation  of  the  erroneous  date,  has  distinctly 
said,  "  The  experiment  of  Mr.  Cavendish  dates  from  1781 ; 
"  the  reading  of  hLs  Memoir,  from  January,  1783;"  and  he 
gives  Cavendish  the  precedence  over  Lavoisier  in  their 
respective  published  memoirs,  making  the  latter  superior 
only  in  having  discarded  the  hypothesis  of  phlogiston.*  In 
his  Eloge  of  Cavejidish,"|-  it  is  true,  he  alters  1783  to  1784, 
observ  ing  that  three  years  had  been  occupied  "  in  establish* 
"  ing  that  great  phenomenon ;"  but  still  his  readers  are  left 
without  the  means  of  knowing  which  of  the  two  dates  is  the 


***  *  Rapport  Uistorique/   1808,  p.      1811,  p.  cxxxiii;  and,  in  tlie  separate 
57.  edition  of  Cuvier's  *  Eloges    Hiiito- 

f  *  M^inoirci  de  rAcad<fmic  '  for      *  riques/  tome  ii.  p.  87. 
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right  one.  Numerous  as  are  Cuvier's  errors  on  such  points, 
yet  his  illustrious  name,  and  the  charms  of  the  diction  in 
which  lie  clothes  the  history  of  philosophy  and  philosophic 
men,  have  led  him  to  be  cited  by  many  as  a  safe  authority ; 
and  although  those  who  themselves  practise  such  inaccura- 
cies with  a  fatal  facility,  may  think  lightly  of  their  effect, 
this  only  the  more  deeply  impresses  us  with  the  sacred  obli- 
gation of  scrupulously  recording  matters  of  fact  in  subjects  of 
controversy,  and  makes  us  more  sensible  of  the  inestimable 
value  of  rigid  accuracy. 

Every  one  must  admit,  that  after  the  series  of  events  whicli 
we  have  now  detailed, — after  the  zealous  attempts  to  establish 
priority  which  had  been  made  by  two  of  the  three  great 
claimants  for  the  honour  of  the  discovery,  and  the  public 
statement  which  had  been  put  on  record  by  the  tliird, 
(which,  being  uncontradicted,  might  be  deemed  decisive),  it 
was,  truly,  most  unfortunate  that  any  thing  should  occur 
which  could  give  to  any  of  the  proceedings,  even  in  appear- 
ance, a  character  not  altogether  consistent  with  justice.  It 
was  at  least  a  piece  of  most  singular  negligence,  on  the  part 
of  the  Secretary  to  the  Koyal  Society  who  superintended  the 
printing,  that  those  papers  should  have  been  circulated  with 
a  double  error  in  their  dates ;  that  the  tendency,  if  not  tlie 
effect,  of  botli  of  the  errors  should  have  been,  to  take  the  pri- 
ority from  Watt,  and  to  give  it  to  Cavendish,  the  Secretary's 
intimate  friend  and  patron  ;  and  tliat,  of  all  the  errors  which 
the  printer  might  have  committed,  he  should  have  liappened 
to  select  precisely  those  which  were  so  well  fitted  to  effect 
that  object.  When  ]M.  Arago  exclaimed,  after  mentioning 
the  same  circumstance,  "  God  forbid  that  I  should,  by  these 
"  remarks,  intend  to  cast  any  imputation  on  the  literary  pro- 
"  bity  of  tliose  illustrious  philosophers ;  they  only  prove  that, 
"  on  the  subject  of  discoveries,  the  strictest  justice  is  all  tliat 
"  can  be  expected  from  a  rival,  or  a  competitor,  however  higli 
"  his  reputation  may  already  be,"  *  we  must  confess  that  ho 
well  deserves  to  receive  credit  for  restraining,  witliin  the 


•  Eloge  of  Watt,'  p.  lOG. 
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bounds  of  those  moderate  words,  the  expression  of  a  strong 
and  just  indignation. 

An  additional  argument  certainly  arises  from  the  remark- 
able fact,  that  Cavendish  appears  never  to  have  made  any 
observation  on  Mr.  Watt's  chronological  note,  when  it  was 
printed  with  his  paper  by  the  Boyal  Society ;  nor  ever  to 
have  confessed  his  knowledge  of  the  real  time  at  wliich  Mr. 
Watt  made  cither  his  first  or  his  second  communication,  or  of 
that  at  which  he  thus  knew  that  his  conclusions  were  drawn. 
But  we  have  not  yet  done  with  either  the  history  of  the  dis- 
covery, or  the  share  which  Dr.  Blagden  took  in  it  as  an 
auxiliary  and  historian.  Finding  that  Lavoisier  still  main- 
tained some  claim,  and  seeing  from  the  note  appended  to  Mr. 
Watt's  paper,  and  from  the  total  want  of  any  statement  as  to 
the  chronology  of  Cavendisli's  conclusions,  that  Mr.  Watt 
stood  distinctly  recorded  as  the  first  discoverer,  notwithstand- 
ing the  inexplicable  awkwardness  of  the  typographical  errors, 
Blagden  thought  proper  to  write  the  letter  to  Dr.  Lorenz 
Crell,  printed  two  years  later  in  his  Journal,  of  which  the  fol- 
lowing is  a  translation :  * — 

"  I  can  certainly  give  you  the  best  account  of  the  little 
"  dispute  about  the  first  discoverer  of  the  artificial  generation 
"  of  water,  as  I  was  the  principal  instrument  through  wliich 
the  first  news  of  the  discovery  that  had  been  already  made 
was  communicated  to  Mr.  Lavoisier.  The  following  is  a 
"  short  statement  of  the  history : — 

"In  the  Spring  (* Friihjahr ')  of  1783,  Mr.  Cavendish 
communicated  to  me  and  other  members  of  the  Boyal 
Society,  his  particular  friends,  the  result  of  some  experi- 
"  ments  with  which  he  had  for  a  long  time  been  occupied. 
"  He  showed  us,  that,  out  of  them,  he  must  draw  the  con- 
"  elusion,  that  dephlogisticated  air  was  nothing  else  than 
"  water  deprived  of  its  phlogiston ;  and,  vice  versdy  that  water 
"  was  dephlogisticated  air  united  with  phlogiston.  About  the 
"  same  time  (*  um  dieselbe  Zeit ')  the  news  was  brought  to 


♦  Tlio  letter  appears  not  to  have      Crell's  •  Clioniischo  Aimalcn/  Helm- 
been  dated;  but  it  wna  published  in      stiidi  u.  Ix'ipzig,  178G,  pp.  58-61. 
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**  London,  that  Mr.  Watt  of  Birmingham  had  been  induced 
"  by  some  observations,  to  form  (*  fassen ')  a  similar  opinion. 
Soon  after  this  (*  bald  darauf ')  I  went  to  Paris,  and  in  the 
company  of  Mr.  Lavoisier,  and  of  some  other  members  of 
"  the  Koyal  Academy  of  Sciences,  I  gave  some  account  of 
"  these  new  experiments,  and  of  the  opinions  founded  upon 
"  them.  They  replied  that  they  had  already  heard  some- 
"  thing  of  these  experiments ;  and,  particularly,  that  Dr. 
"  Priestley  had  repeated  them.  They  did  not  doubt,  that  in 
"  such  manner  a  considerable  quantity  of  water  might  be 
"  obtained ;  but  they  felt  convinced  that  it  did  not  come  near 
"  to  the  weight  of  the  two  species  of  air  employed ;  on  which 
"  accoimt  it  was  not  to  be  regarded  as  water  formed  or  pro- 
"  duced  out  of  the  two  kinds  of  air,  but  was  already  con- 
**  tained  in,  and  united  with  the  airs,  and  deposited  in  their 
**  combustion.  This  opinion  was  held  by  Mr.  Lavoisier,  as 
"  well  as  by  the  rest  of  the  gentlemen  who  conferred  on  tlie 
"  subject ;  but,  as  the  experiment  itself  appeared  to  them 
very  remarkable  in  all  points  of  view,  they  unanimously 
requested  Mr.  Lavoisier,  who  possessed  all  the  necessary 
"  preparations,  ('  Vorrichtungen '),  to  repeat  the  experiment 
"  on  a  somewhat  larger  scale,  as  early  as  possible.  This  desire 
"  he  complied  \^ith  on  the  24th  June,  1783,  (as  he  relates  in 
"  the  latest  volume  of  the  Paris  Memoirs).  From  Mr.  La- 
"  voisier's  own  account  of  his  experiment,  it  suiRciently 
"  appears,  that  at  that  period  he  had  not  yet  formed  the 
"  opinion,  that  water  was  composed  of  dephlogisticated  and 
"  inflammable  airs ;  for  he  expected  that  a  sort  of  acid  would 
"  be  produced  by  their  union.  In  general  Mr.  Lavoisier 
"  cannot  be  convicted  of  having  advanced  any  thing  contrary 
"  to  truth  ;  but  it  can  still  less  be  denied,  that  ho  concealed  a 
part  of  the  truth.  For  he  should  have  acknowledged  that 
I  had,  some  days  before,  apprized  him  of  Mr.  Cavendish's 
experiments;  instead  of  which,  the  expression  *il  nous 
"  *  apprit,'  gives  rise  to  the  idea  that  I  had  not  informed  him 
"  earlier  than  that  very  day.  In  like  manner  Mr.  Lavoisier 
"  has  passed  over  a  very  remarkable  circumstance,  namely, 
"  that  the  experiment  was  made  in  consequence  of  what  I 
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'^  had  mformed  him  of.  He  should  likewise  have  stated  in 
"  his  publication,  not  only  that  Mr.  Cavendish  had  obtained 
"  *  une  quantite  d'eau  tres  sensible/  but  that  the  water  was 
equal  to  the  weight  of  the  two  airs  added  together.  More- 
over, he  should  have  added,  that  I  had  made  him  ac- 
"  quainted  with  Messrs.  Cavendish  and  Watt's  conclusions ; 
"  namely,  that  water,  and  not  an  acid  or  any  other  substance, 
"  (*  Wesen '),  arose  from  the  combustion  of  the  inflammable 
"  and  dephlogisticated  airs.  But  those  conclusions  opened 
the  way  to  Mr.  Lavoisier's  present  theory,  which  perfectly 
agrees  with  that  of  Mr.  Cavendish  ;  only  that  Mr.  Lavoisier 
"  accommodates  it  to  his  old  theory,  which  banishes  phlo- 
"  giston.  Mr.  Monge's  experiments,  (of  which  Mr.  Lavoisier 
"  speaks  as  if  made  about  the  same  time),  were  really  not 
"  made  until  pretty  long,  I  believe  at  least  two  months,  later 
"  than  Mr.  Lavoisier's  own,  and  were  undertaken  on  receiving 
"  information  of  them.  The  course  of  all  this  history  will 
"  clearly  convince  you,  that  Mr.  Lavoisier,  (instead  of  being 
"  led  to  the  discovery,  by  following  up  the  experiments  which 
"  he  and  Mr.  Bucquet  had  commenced  in  1777),  was  induced 
"  to  institute  again  such  experiments,  solely  by  the  account 
"  he  received  from  me,  and  of  our  English  experiments  ;  and 
that  he  really  discovered  nothing  but  what  had  before  been 
pointed  out  to  him  to  have  been  previously  made  out,  and 
"  demonstrated  in  England." 

Now,  before  examining  the  history  which  this  letter  gives 
of  the  discovery,  it  is  to  be  observed  that  it  professes  to  have 
been  written  in  order  to  give  t?ie  best  account  of  the  dispute 
about  the  first  discoverer.  And  from  the  relations  in  which 
Blagden  stood  to  Cavendish,  and  the  obligations  he  owefl 
him,  he  cannot  be  suspected  of  under-stating  any  claims 
which  he  miglit  have  been  able  to  establish  for  that  gentle- 
man to  the  possession  of  so  great  an  honour. 

Bearing  this  in  mind,  and  taking  the  statement  as  we  find 
it,  an  extraordinary  fact  which  meets  us  at  the  outset  is,  that 
it  does  not  contain  any  distinct  allegation  of  Cavendish 
having  been  th^  first  discoverer;  although  it  does  positively 
assert  that  he  was  prior  to  Lavoisier,  and  appears  to  aim  at 
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it  understood  that  he  was  prior  also  to  Mr.  Watt, 
''^^^^n  the  time  at  which  Cayendish  is  reported  to  have  com- 
^'•^xaicated  to  his  friends  of  the  Eoyal  Society  Ids  experiments 
their  results,  and  "  showed  that  out  of  them  he  must 
iw  the  conclusion,"  is  only  noted  in  the  most  general 
_%  as  "in  the  Spring  of  1783."  But  we  know  that  Mr. 
'^^tt's  conclusions,  on  the  other  hand,  were  actually  formed, 
^^^need  to  writing,  (which  Cavendish's  confessedly  were  not), 
^*^^  known  to  many  members  of  the  Royal  Society,  also  "  in 
^  "the  Spring  of  1783;"  and  Blagden,  though  he  was  well 
'are  of  all  these  circumstances,  and  professes  to  give  "  the 
oast  account,"  and  was  naturally  desirous  of  gaining  the 
lit  of  the  priority  for  his  patron,  does  not  even  state  that 
Cavendish's  verbal  communication  preceded  his  knowledge  of 
-8fr.  WatCs  written  couclusitms. 

But  further,  no  time  has  ever  yet  been  stated,  either  by 
Cavendish  or  Blagden,  at  which  the  former  really  drew  his  con- 
chaions ;  which  are  thus  never  heard  of  as  having  been  even 
imagined  by  him  till  "  the  Spring  of  1783  ;"  and  in  the  ab- 
sence of  all  such  assertion  by  either  of  those  gentlemen,  or 
by  any  one  else  who  was  acquainted  with  the  circumstances, 
it  is  impossible,  m  common  fairness  to  the  other  parties  con- 
oemed,  to  attribute  Ids  conclusions  to  an  earlier  period  than 
that  which,  however  vaguely,  is  so  assigned  to  them. 

Again,  if  Mr.  Cavendish,  at  the  time  of  making  his  com- 
munication to  his  iriends,  was  ignorant  of  Mr.  Watt's  conclu- 
mouB,  of  which,  even  according  to  Blagden,  "  the  news  was 
**  brought  to  London  about  the  same  time,"  why  does  not 
Blagden,  in  his  claim  of  priority,  make  any  assertion  to  that 
effect  ?  Would  he  not  have  done  so  if  he  could,  and  is  it  not 
a  perfectly  fair  inference  from  the  fact  of  his  not  having  done 
so,  that  he  knew  he  could  not  ? 

If,  on  the  contrary.  Cavendish  was  then  in  the  knowledge 
of  Mr.  Watt's  conclusions,  why  did  he  not,  in  order  to  assert 
any  claim  for  himself,  not  only  to  priority,  but  even  to  ori- 
ginality, mention  in  his  verbal  communication  to  his  friends, 
that  he  liad  dra\^Ti  his  own  conclusions,  or  rather,  had  seen 
«  that  he  must  draw  them,"— for  that  is  the  more  circuitous 
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way  in  which  Blagden  puts  it, — ^before  he  had  heard  of  those 
of  Mr.  Watt,  and  independent  of  them  ? 

Failing  any  statement  of  the  time, — not  during  which  he 
had  been  occupied  with  his  experiments,  for  that  proves 
nothing, — ^but  at  which  he  had  first  drawn  the  particular  con- 
clusion from  them,  that  "  dephlogisticated  air  is  in  reality 
"  nothing  but  deplilogisticated  water,  or  water  deprived  of  its 
"  phlogiston," — he  could  claim  no  priority,  except  as  against 
a  discoverer,  the  date  of  whose  discovery  could  be  proved  to 
be  subsequent  to  that  communication  to  his  friends,  the  mem- 
bers of  the  Koyal  Society.  But  only  a  vague  approximation 
being  attempted  to  the  date  of  his  communication,  and  no 
better  or  earlier  one  being  even  suggested  as  that  of  his  con- 
clusions,— (and  that,  too,  in  "the  best  account"  that  could  be 
given  of  his  claims,  published  in  his  own  lifetime,  and  written 
by  one  who  well  knew  the  necessity  there  was  for  the  greatest 
possible  minuteness  and  precision  of  chronological  record), — 
and  no  later  period  being  assigned  as  that  of  his  knowledge 
of  j\Ir.  Watt's  conclusions,  the  inference  is  both  just  and 
inevitable,  that  neither  Cavendish,  nor  Blagden  on  his  behalf, 
could  establish  any  priority  as  against  Mr.  Watt. 

It  was  comparatively  an  easy  matter  to  assert  it  for  one  or 
both  of  the  English  philosophers  as  against  Lavoisier,  for 
that  chemist,  on  his  own  showing,  could  not  claim,  even  for 
his  experiment,  an  earlier  date  than  the  24tli  of  June,  1783  ; 
and,  had  his  been  the  only  competition  which  Cavendish  had 
to  apprehend,  "  the  Spring  "  might  have  been  held  a  suflBdent 
anticipation ;  when  taken  in  connexion  with  what  Blagden 
states,  and  Lavoisier  partially  admits,  to  have  passed  at  Paris. 
StiU,  even  in  that  case,  Blagden's  way  of  speaking  must  have 
appeared  to  all  accurate  inquirers  very  negligent,  very  un- 
suitable to  the  nicety  of  the  subject,  and  very  unfit  for  the 
purposes  of  careful  scientific  history. 

But  when  the  question  concerns  the  conclusions  of  Mr. 
Watt,  which  had  been  stated  not  verbally,  nor  at  an  uncertain 
date,  nor  only  to  his  own  private  and  particular  friends,  but 
in  writing,  on  the  21st  and  subsequent  days  of  April,  to  many 
members  and  the  President  of  the  Koyal  Society ;  and  which, 
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before  this  letter  of  Blagden's  was  written,  had  been  printed 
in  the  *  Philosophical  Transactions,'  under  Blagden's  immediate 
eye  and  sole  superintendence,  with  a  note  emphatically  and 
fully  "  authenticating  the  date  of  the  author's  ideas," — it 
would  be  utterly  absurd  to  found  any  claim,  or  even  any 
argument  in  support  of  a  claim,  on  an  expression  so  indeter- 
minate as  that  of  " the  Spring'' 

Was  it  early  in  the  Spring,  or  late  in  the  Spring  ?  Was  it 
in  February,  or  in  March,  or  in  April  ?  We  apprehend  that 
neitlier  Mr.  Cavendish  nor  Dr.  Blagden  would  have  thanked 
us  for  the  supposition  that  it  might  possibly  have  been  in 
May,  But  "  questions  as  to  priority,"  says  M.  Arago,  "  may 
"  depend " —  not  only  on  yeai-s,  and  on  seasons,  and  on 
months — but  "  on  weeks,  on  days,  on  hours,  on  minutes/' 
In  what  week,  on  what  day  of  the  month,  was  the  important 
disclosure  made  by  Mr.  Cavendish  ?  To  bring  the  matter  to 
a  short  issue  ; — was  it  not  after  a  certain  letter,  of  date  the 
26th  of  April,  1783,  had  been  received  by  Dr.  Priestley  at 
London,  shown  to  "  several  members  of  the  Royal  Society," 
nay,  read  and  minutely  studied  by  Dr.  Blagden,  (for  that  is 
proved  by  his  own  admission  to  Kirwan),  and  then  delivered 
to  Sir  Joseph  Banks  the  President  ? 

Blagden  could  not,  surely,  have  so  soon  forgotten  all  the 
circumstances  which  attended  so  important  a  communication ; 
he  must  at  least  have  remembered  whether,  when  it  came 
from  Mr.  Cavendish,  it  was  no  longer  graced  with  the  fresh- 
ness and  interest  of  novelty ;  and  whether  it  was  not  an  echo 
of  something  else  which  had  come  to  London  and  his  ears 
"  about  the  same  time''  Of  two  theories  so  nearly  identical, 
he  surely  could  have  recollected,  without  much  difficult  re- 
flection, which  he  had  heard  first ;  the  memory  which  was  so 
retentive  as  to  the  proceedings  at  Paris,  where  Lavoisier  was 
concerned,  could  not  well  have  been  oblivious  as  to  the  occur- 
rences in  London,  where  Mr.  Watt's  communication  excited 
so  much  attention,  had  been  intimately  known  to  Blagden 
himself,  had  gained  most  honourable  applause  from  many 
learned  persons,  and  stood  recorded  in  the  books  of  the  Royal 
Society  as  the  fii*st  announcement  of  the  discovery  of  the 
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compound  nature  of  water.  When  Mr.  Watt's  conclusions 
were  first  made  known,  and  that  to  all  the  active  members  of 
the  Royal  Society,  they  laughed  at  them,  says  De  Luc,  as  at 
the  explanation  of  the  golden  tooth;*  so  great  was  their 
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♦  The  history  of  this  egregious 
imposition  is  given  at  length  by 
Daniel  Bcnncrtus,  a  physician  of 
Wittemborg,  to  whom  it  was  com- 
municated by  D.  Michael  Doringius, 
who  again  had  received  it  irom 
Daniel  Bucretius  of  Vratislau.  It  is 
copied  from  Senuertus  by  tlie  learned 
Dr.  Antony  van  Dale,  in  his  second 
Dissertation,  *  do  Oraculis  Ethni- 
•  corum,*  (pp.  474,  475,  edit.  Amst. 
1683\  and  is  thence  adopted  by 
Fontenello;  who,  in  somewhat  abridg- 
ing the  particulars  of  tlie  story,  lias 
not  failea  to  a<lom  it  with  the  graces 
of  his  wit.  We  quoto  it  in  his  words : 
— **  En  1593,  le  bruit  courut  quo  les 
••  dents  estant  tomlxfes  h  un  enfant  do 
Sile'sie,  age  de  sept  aus,  il  luy  en 
estoit  venu  une  d'or,  k  la  place 
•*  d  une  de  ses  grosses  dents.  Hor- 
•*  stiuH,  Professeur  en  Mcdecine  dans 
••  rUniversitc  de  Helmstad,  dcrivit  en 
••  1595  IHistoiro  de  cette  dent,  et 
"  pretendit  qu'elle  estoit  en  partio 
"  naturelle,  en  partie  mii-aculcuse,  et 
qu'elle  avoit  estd  envoyee  de  Dieu 
a  cet  Enfant  pour  consoler  les 
Chretiens  affligez  par  les  Turcs. 
Figurez-vous  quelle  consolation,  et 
quel  rapport  do  cette  dent  aux 
**  Ghrestieus,  ny  aux  Turcs !  En  la 
mesme  annexe,  afin  que  cette  dent 
d'or  ne  manquaat  pas  dHistoriens, 
"  Rullandus  en  c^crit  encore  1  His- 
•*  toire.  Deux  ans  apr5s,  Ingolste- 
**  terus,  autre  S^avant,  dcrit  centre  le 
"  sentiment  que  Rullandus  avoit  de 
•*  la  dent  dor,  et  EuUandus  fait 
"  aussitost  une  belle  et  docte  R^ 
"  plique.  Un  autre  grand  Homme, 
•*  nommd  Libavius,  ramasse  tout  ce 
**  qui  avoit  est^  dit  de  la  dent,  et  y 
"  aioftte  son  sentiment  imrticulier. 
**  11  ne  manquoit  autre  chose  K  tant 
de  beaux  Ouvrages,  sinon  qu*il  fust 
vray  que  la  dent  estoit  d'or.  Quand 
"  un  Orfcvre  I'eut  examinee,  il  se 
trouva  que  c'estoit  une  feiiille  dor 
appliqu<k3  k  la  dent  avec  beaucoup 
**  d'fiulresso ;  mais  on  commen9a  par 
**  faire  des  Liures,  et  puis  on  consulta 
"  I'Orfevre."    ♦*In  1593,  the  rumour 
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spread,  that  the  teeth  of  a  child, 
seven  years  old,  in  Silesia,  having 
**  fallen  out,  a  golden  one  had  come 
"  in  the  place  of  one  of  the  large 
"  teeth.  Horstius,  Professor  of  "hie- 
**  dieine  in  the  University  of  Helm- 
"  stad,  wrote,  in  1595,  the  History  of 
**  this  tooth ;  and  pretended  that  it 
**  was  partly  natural,  partly  miracu- 
"  lous,  and  that  it  had  l)een  sent  from 
**  God  to  tills  child,  to  console  tlio 
"  Christians  oppressed  by  the  Turks. 
**  Fancy  what  consolation,  or  what 
**  concern  this  tooth  could  bo  to  the 
"  Christians  or  to  the  Turks !  In  the 
**  same  year,  in  order  that  this  golden 
**  tooth  might  not  want  historians, 
"  Rullandus  wrote  a  second  History 
of  it.  Two  years  after,  Ingolste- 
*•  terus,  another  philosopher,  wrote 
**  against  tlie  theory  wliieh  Rullandus 
**  had  about  the  golden  tooth,  and 
*'  Rullandus  forthwith  makes  a  fine 
"  and  learned  Reply.  Another  great 
*'  man,  named  Libavius,  coUecte  all 
••  that  had  been  said  of  the  tooth, 
"  and  adds  his  own  theory.  Nothing 
"  else  was  wanting  to  all  those  fine 
*'  books,  except  that  it  should  be  true 
*'  that  the  tooth  was  of  gold.  On  a 
**  goldsmith  examining  it,  he  found, 
'*  that  it  was  a  leaf  of  gold  applied 
**  to  the  tooth  with  much  address ; 
"  but  they  began  by  malring  books, 
"  and  then  they  consulted  the  gold- 
"  smith."    Fontenelle,  *  EQstoire  des 

•  Oracles,*  p.  22.  ^t.  d'Amst  1719. 
The  Treatise  of  Horstius  referred  to, 
is  appended  to  that  edition  of  his 
book,  *de    Natura,    Differentiis,    et 

•  Causis  eorum  qui  Dormientes  Am- 

•  bulant,'  which  Was  printed  at  Leip- 
zig in  1595.  A  work  which  seems 
to  have  escaped  the  notice  of  both 
Van  Dale    and    Fontenelle,  is    the 

•  Tractatus  de  Dente  Aureo,*  of  Dr. 
Duncan  Liddel,  a  native  of  Scotland, 
Professor  of  Matliematics  and  of  Me- 
dicine in  ,the  same  University  with 
Horstius.  It  was  printed  at  Ham- 
burg in  1628. 

Sennertus  ends  his  narrative  with 
thia  apposite  moral  :—**  Qua  bklofia 
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wonder,  so  strong  their  disbelief.  But  Mr.  Cavendish's  friends 
are  not  said  by  Blagden  to  have  testified  any  suri)rise,  or  any 
incredulity ;  yet  "  the  conclusions,"  as  Lord  Brougham  has 
truly  said,  "  are  identical,"  with  the  single  difierence  as  to 
heat,  in  which  respect  the  discoveries  of  modem  chemists 
have  shown  that  Mr.  Watt's  had  greatly  the  advantage.  But 
the  novelty  was  gone,  and  the  disbelieving  wonder  had  ceased. 
When  Blagden  says  only,  that  both  communications  were 
made  in  "  the  Spring,"  and  "  about  the  same  time,"  he  claims 
for  his  patron  no  priority  ;  he  is  content  to  insinuate  for  him 
only  a  ver)"  questionable  sort  of  independence  in  the  disco- 
very ; — nay  more, — for  that  is  the  result  to  which  the  evi- 
dence brings  it, — lie  can  for  Mr.  Cavendish,  as  against  Mr- 
Watt,  neither  claim  priority,  nor  establish  independence. 

In  Mr.  Cavendish's  paper  as  first  wTitten,  and  as  read  on 
the  15th  January,  1784,  he  made  no  mention  whatever  of  Mr. 
Watt's  theory.  Yet  it  apj^ears  from  the  lettor  to  Crell,  that 
Blagden  was  not  uninformed  at  a  much  earlier  period,  (viz. 
the  Spring  of  178H),  of  Sir.  Watt  having  formed  "an  opinion" 
similar  to  that  of  Cavendish ;  he  confesses  that  "  the  news 
"  was  brought  to  London  "  in  the  same  Spring ;  that  he  knew 
it,  at  latest,  before  June ;  and  he  authorised  Kinvan  to  tell 
Mr.  Watt  that  he  had  even  heard  his  paper  read  ;  the  *  Philo- 
*  sophical  Transactions '  prove  that  it  was  known,  from  ]\Ir. 
Watt's  own  letter,  to  many  members  of  the  Koyal  Society ; 
De  Luc  says  it  was  known  to  all  the  active  members,  and  to 
Dr.  Blagden  especially,  who  had  full  acquaintance  with  Mr. 
Cavendish's  paper,  both  before  it  was  read,  and  at  its  read- 
ing; and,  lastly,  it  is  highly  probable  that  Blagden  first 
heard  of  Mr.  Watt's  theory  from  Cavendish  himself, — at  least 
Mr.  Watt  evidently  so  interpreted  Kirwan's  letter.  Blagden 
certainly  nowhere  asserts  that  Cavendish  was  not  aware  of  it. 
Neither  does  Cavendish  himself.  Why,  then,  did  he  sup- 
press, so  far  as  depended  on  him,  all  notice  of  the  theory 
which  had  thus  been  formed  elsewhere,  and  of  which  he  well 
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knew  the  yast  importance^ — ^which  was  then  maDyBoi 
old, — and  to  which  his  own  was  so  wondeifbll  j  confim 
to  be  justly  termed,  ^  its  proof  cmd  expowtUm,  ward  far  w 
Why  did  he  so  readily  grasp  at  the  undivided  merit  oi 
discovery,  but  never  once  name  the  discoverer  who  hall 
treading,  as  even  he  must  have  admitted,  with  no  me 
steps,  and,  as  it  was  very  soon  proved,  even  in  adTiH 
himself,  in  the  same  path  ? 

But,  in  the  next  place,  when, — after  Mr.  Watt*8  papa 
been  read  to  the  Boyal  Society, — Blagden  added  a  {H 
which  was  adopted  and  printed  as  his  ohh  by  Cavendidi 
therein  mentioned  both  the  name  and  the  theory  of  Mr.  ^ 
why  did  neither  of  the  two  coadjutors  say  a  single  ic 
enlighten  the  scientific  world  on  the  dates  at  which  th 
theories  respectively  were  formed  ?  Or,  was  this  unao 
able  and  highly  suspicious  desideratum  supplied,  whe! 
later  period,  Blagden  undertook  to  give  his  **  best  aw 
of  the  matter  ?  On  the  contrary,  altliough  he  dedai 
voisier  to  have  known  of  the  conclusions  of  both  ^'t 
Cavendish,  and,  therefore,  to  have  been  posterior  to  I 
is  still  satisfied  with  trying  loosely  to  couple  those 
gether,  as  having  arrived  at  the  discovery  somewhere 
"  the  same  time."  "  Those  conclusions,"  says  I 
"  opened  the  way  to  M.  Lavoisier's  present  theory ;" 
thus  informs  us  who  was,  of  three,  the  last  discoverei 
does  he  not,  in  "  the  best  account  *'  of  "  the  little  « 
venture  to  state  the  knowledge,  which  we  well  know 
have  possessed,  as  to  wliich  of  the  other  two  was  tfteji 
verer  ?  That  was  the  only  point  which  he  profesHed  t 
that  is  the  only  one  wliich  he  leaves  altogether  ui 
His  "  best  account "  is  indeed  a  miserably  bad  one, 
himself  and  liis  friend ;  and  of  his  phrase  '*  o&ou/ 
"  riwi€,"  it  has  been  happily  observed,*  in  the  ease  of 
philosopher,  that  it  was  used  "  with  a  convenient  < 

ambiguity,  just  sufficient   for  self-defence,   shoul 

charged  with  unfiiir  aj)j)ropriatiou." 


♦  By  Ijoid  Brougliam,  of  Lavoisier,     •  Mon  of  Letten  and  Sciei) 
in  the  Life  of  Dt,  Black.— •  Lives  of    p.  329. 
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Such  is  the  wliole  state  of  the  case  for  Cavendish ;  utterly- 
deficient  in  any  real  claim  to  priority,  even  on  the  statement 
of  his  o>\'n  friends, — let  us  rather  say,  of  the  only  friend  who 
has  attempted  to  give  testimony,  solitary,  partial,  and  ob- 
scure, in  his  favour. 

There  is  one  other  point,  on  winch,  however,  we  touch  un- 
willingly and  briefly,  because  it  is  of  a  delicate  nature,  and 
we  have  no  desire,  nor,  indeed,  occasion,  to  draw  from  it  any 
conclusion.  For,  as  has  been  fully  shown,  Dr.  Blagden's 
statements,  even  if  perfectly  correct,  cannot  be  said  to  contra- 
dict JVIr.  Watt's  priority.  But  it  certainly  ought  not  to  be 
kept  altogether  out  of  sight,  in  estimating  the  value  of  any 
testimony  given  by  Dr.  Blagden  on  behalf  of  Mr.  Cavendish, 
that  he  received  from  that  distinguished  chemist,  both  a  con- 
siderable annuity  for  a  great  part  of  his  life,  and  afterwards  a 
legacy  of  fifteen  thousand  pounds.*  Lord  Brougham  says 
that  Blagden's  legacy  was  generally  understood  to  have  fallen 
far  short  of  his  ample  expectations.-!- 

With  regard  to  the  annuity,  the  following  appear  to  be  the 
facts,  as  far  as  they  can  now  be  ascertained.  J  Early  in  1783, 
Blagden  became  Cavendish's  assistant ;  an  annuity  of  500?. 
being  settled  on  him  as  his  recompense  for  undertaking  that 
office.  In  1789,  Cavendish  and  his  assistant  are  said  to  have 
parted ;  causa  latet.  But  the  expression,  that  the  annuity 
"  was  settled  "  on  Blagden,  leads  us  to  suppose,  in  the  absence 
of  any  information  to  the  contrary,  that  it  continued  to  be 
paid  to  him  tUl  the  time  of  his  death,  which  took  place  in 
1820.  Thus  a  sum  of  18,500?.  on  account  of  the  annuity, 
making,  together  >vith  the  legacy  of  15,000?.,  a  round  sum  of 
33,500?.,  was  received  by  Blagden  from  Cavendish  for  six  years' 
service  as  his  assistant.  The  money  so  got,  increased  and 
multiplied, — it  is  said,  by  speculations  in  the  French  funds ; — 
and  he,  who  began  life  as  a  poor  army-surgeon,  died  a  wealthy 
man,  the  probate  of  his  will  being  sworn  under  50,000?. 


♦  Mr.  Cavondish  8   luttor  wiU  wo  proved  5th  March,  1810. 

have  Been.     It  was  mnde  18th  Fcbru-  t  *  Lives  of  Men  of  Letters  and 

ary,  1804,  and  commences  with  the  *  Science/ vol.  i.  p.  44G. 

bequest  to  Sir  C.  Blagden.     It  waa  %  See  Wilson's  *Life  of  Cavendish.* 
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We  are  far  from  wishing  to  press  the  idea,  that  there  was 
any  deliberate  intention  on  the  part  of  Cavendish  to  exercise 
an  undue  influence  over  Bladen,  by  making  him  so  large  a 
recipient  of  his  bounty  in  return  for  services  rendered  for  so 
brief  a  time;  or  any  design  on  the  part  of  Blagden  to 
earn  his  wages  by  the  commission  of  iniquity;  especially 
as  the  persons  concerned  in  the  matter  no  longer  survive 
to  defend  themselves,  and  explain  those  parts  of  their  con- 
duct which  may  appear  singular  or  doubtful.  But  in 
estimating  the  value,  as  evidence,  of  Blagden's  testimony 
on  behalf  of  Cavendish,  we  must  unquestionably  take  into 
ac<;ount  the  relative  position  of  the  parties,  and  tlie  un- 
avoidable bias  by  which  such  testimony  must  have  been 
affected.  Without  doing  or  intending  wrong  to  any  one, 
or  to  any  one's  memory,  we  may  venture  to  assert  with 
perfect  confidence,  that  when  under  tliese  circumstances 
Blagden  gives  an  account  wliich  he  professes  to  be  "the 
"  best,"  of  "  the  little  dispute  about  the  first  discoverer  of  the 
"  artificial  generation  of  water,"  and  therein  asserts  the  pri- 
ority of  both  Cavendish  and  Watt  over  Lavoisier,  but  scarcely 
ventures  to  hint,  even  in  the  most  vague  and  general  way,  at 
any  priority  of  Cavendish  over  Watt,  it  is  very  certain  tliat, 
whatever  might  be  the  value  of  his  evidence  on  the  first  of 
those  points,  it  must  be  held  to  be  conclusive  against  Caven- 
dish on  the  second  of  them. 
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ARGUMENTS  OF  THE  ADVOCATES  OF  CAVENDISH  —  THEIB  GROUNDLESSNESS 

—  PRIORITY  OF  WATT  MAINTAINED  DURING  HIS  LIFETIME  —  OPINIONS 
OF  PHILOSOPHERS  SINCE  HIS  DEATH  —  DR.  HENRY  —  SIR  HUMPHRY  DAVY 

—  LORD  BROUGHAM  —  ARAGO  —  DUMAS  —  BERZELIUS  —  SIR  DAVID 
BREWSTER  —  LORD  JEFFREY  —  LIEBIG  —  MR.  WATT*S  SCRUPULOUS  SENSE 
OF  JUSTICE  —  HIS  ACQUAINTANCE  WITH  CAVENDISH  —  FESTIVITIES  OF 
THE  ROYAL  SOCIETY. 

Besides  employing  the  argnment  arising  from  the  reputation 
of  Mr.  Cavendisli,  which  does  not  really  aflect  the  question 
of  priority  in  the  discovery,  if  established  by  other  evidence, 
the  advocates  of  Cavendish  have  made  tliree  principal  asser- 
tions with  the  view  of  impugning  M.  Arago's  acciu^acy.  They 
have  said,  first,  that  Priestley  "  constantly  maintained"  that 
he  had  never  found  the  weight  of  the  water,  produced  in  his 
experiment,  equal  to  that  of  the  gases  exploded ;  secondly, 
that  an  undue  licence  had  been  used,  in  substituting  the  term 
hydrogen  for  phlogiston,  as  used  by  Sir.  Watt ;  and  thirdly, 
that  the  conclusions  of  Cavendish,  which  were  first  stated  to 
the  Royal  Society  in  his  paper  read  on  the  loth  of  January, 
1784,  must  be  supposed  to  have  been  included,  or  involved, 
in  his  experiments  made  in  1781. 

The  first  of  these  assertions  might  well  be  termed  by  M. 
Arago  "  inconceivable,"  when  it  is  remembered  that  in  Priest- 
ley's own  paper  he  says, — "  In  order  to  judge  more  accurately 
"  of  the  quantity  of  water  so  deposited,  and  to  compare  it 
"  with  the  weight  of  the  air  decomi)osed,  I  carefully  weighed 
"  a  piece  of  filtering  paper,  and  then  having  wiped  with  it 
"  all  the  inside  of  the  glass  vessel  in  which  the  air  had  been 
**  decomposed,  weighed  it  again ;  and  I  always  found,  as  near 
**  as  I  could  jtidge,  the  weight  of  the  decomposed  air  in  the 
"  moisture  acquired  by  the  paper."  *     In  the  very  first  pages 

•  'Phil.  Trans..'  1783,  p.  427. 
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of  Mr.  Watt's  paper  "  on  the  Constituent  Parta  of  Water," 
in  describing  Dr.  Priestley's  experiment,  it  is  said, — "  The 
"  moisture  adhering  to  the  glass  after  these  deflagrations, 
"  being  wiped  off,  or  sucked  up  by  a  small  piece  of  sponge 
"  paper,  first  carefully  weighed,  was  found  to  be  exactly ^  or 
"  very  nearly,  equal  in  weight  to  the  airs  employed^  And, — 
**  These  two  kinds  of  air  unite  with  violence,  they  become 
"  red-hot,  and,  upon  cooling,  totally  disappear.  When  the 
"  vessel  is  cooled,  a  quantity  of  water  is  found  in  it  equ/il  to 
"  the  weight  of  tfie  air  employed.''  *  So  in  ]Mr.  Watt's  Cor- 
respondence, "  he  finds  on  the  side  of  the  vessel  a  quantity  of 
"  water  equal  in  weight  to  the  air  employed'' f  -A.nd  again, 
"  No  residuum,  except  a  small  quantity  of  wat^^r  equal  to  ilmr 
"  weiglvt,"  %  So  also,  "  you  will  find  the  water y  {equal  in  weight 
"  to  the  air),  adhering  to  the  sides  of  the  vessel."  §  The  cir- 
cumstance of  the  equality  of  weight  was  indeed  one  of  the 
facts  on  which  Mr.  Watt  repeatedly  states  that  he  founded 
his  deductions ;  and,  as  will  presently  be  seen,  it  is  of  great 
importance  in  more  points  of  view  than  one. 

The  substitution  of  the  term  hydrogen  for  phhgist&ii,  had 
been  so  amply  explained  by  M.  Arago,  in  the  note  on  that 
subject  which  accompanied  Lord  Brougham's  Historical  Noto,|| 
that  it  might  have  been  supposed  no  fair  objection  could  have 
been  raised  to  it  by  any  one  ;  even  by  the  most  injudicious  and 
ill-informed  partisan  of  Mr.  Cavendish.  M.  Arago  was  also 
at  the  pains  to  produce  a  letter  from  Dr.  Priestley  to  M. 
Lavoisier,  dat^d  10th  July,  1782,  in  which  he  says  he  has 
made  "  some  experiments  with  inflammable  air,  that  seem  to 
"  prove  that  it  is  tJve  same  thing  that  has  been  called  phlogiston'* 
Dr.  Priestley,  in  relating,  in  his  paper  of  1785,  the  theory 
which  Mr.  Watt  had  formed,  says  that  he  "  concluded,  &c., 
"  that  water  consists  of  dephlogisticated  and  inflammable  air." 
But  further,  the  professed  difficulty  might  have  been  removed, 
if  those  who  made  it  liad  chosen  to  profit  by  Mr.  Watt's  own 


♦  •  Pliil.  Tranfl..'  1784,  pp.  332,  333.  1783: 

t  Mr.  Watt  to  Mr.  Gilbert  Hamil-  §  Mr.  Watt  to  Mr.  Fry.  28  April, 

ton,  26  March.  1783.  1783. 

X  The  aame  to  the  same.  22  April.  |{  •  Elogo  of  Watt,'  p.  167. 
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note,  (which,  if  they  did  not  read,  they  at  least  ought  to  have 
read,  and  might  have  been  supposed  to  have  considered, 
because  it  is  given  botli  in  the  *  Philosophical  Transactions ' 
and  in  Lord  Brougham's  Historical  Note),  viz. :  "  Previous  to 
"  Dr.  Priestley's  making  these  experiments,  ]\Ir.  Kini^^an  had 
"  proved,  by  very  ingenious  deductions  from  other  facts,  that 
"  infiammabU  air  was,  in  all  probabiUty,  the  real  pfiloffistan  in 
"  an  aerial  form.  T/tese  arguments  were  perfectly  convincing 
"  to  mer  * 

So  in  Mr.  Watt's  paper  wo  find  these  expressions : — "  It 
"  was  reasonable  to  conclude,  that  inflammable  air  must  be  the 
^^  pure  phlogiston,  or  the  matter  which  reduced  the  calces  to 

*•  metals;" "  the  iyflammable  air  being  supposed  to  be  wholly 

phlogiston ;" "  inflammable  air  or  phlogiston  ;" "  it  is 

worthy  of  inquiry  whether  the  greater  part  of  the  heat  let 
"  loose  was  not  contained  in  the  phlogiston  or  inflammable  air,'''\ 
&a  &c.  So,  also,  in  writing  to  Dr.  Black  on  the  21st  of 
April,  1783, — the  very  day  on  which  his  letter  to  Dr.  Priestley 
was  first  written,  although  the  second  edition,  read  a  year 
afterwards  at  tlie  Royal  Society,  was  written  on  the  26th  of 
the  same  month, — he  says,  "  therefore  inflammable  air  is  the 
"  thing  called  phlogiston,''  So  to  ]Mr.  Hamilton,  on  the  22nd 
of  April,  the  first  of  tlie  three  deductions  he  states  is,  ''pure 
"  inflammable  air  is  phlogiston  itself  Above  all,  in  the  same 
letter  to  Dr.  lUack,  as  if  to  exclude  all  possibility  of  any 
cavil  being  raised,  on  the  ground  of  the  language  in  which 
his  theory  is  expressed,  he  further  states  his  conclusion  to 
be,  "  that  water  is  composed  of  dephlogisticated  and  inflam^ 
"  mable  airJ'^ 

Neither  is  the  objection,  thus  groundlessly  stated,  an  ori- 
ginal one,  nor  has  it  now  been  for  the  first  time  effectually 
answered.  For,  nearly  half  a  century  ago,  a  very  able  pen 
thus  wrote :  "  We  have  said  that  the  theory  of  Mr.  Watt  is 
"  now  demonstrated  to  be  true.  To  this  assertion,  an  objec- 
"  tion  may  be  raised  from  the  language  in  which  he  states 
"  his  theory ;  for  he  explains  it  by  using  the  word  *  phlo- 


♦  'Phil.  Trans./  1784.  p.  331.  f  Ibid.,  pp.  349.  350,  3r)2. 
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"  ^  giston/  a  word  which  is  now  exploded  from  philosophy  as 
the  name  of  an  imaginary  substance.  But  it  is  sufficient  to 
reply,  that  Mr,  Watt  uses  the  word  phlogiston  as  synonymous 
"  with  inflammable  air'' *  And  that  hydrogen,  and  not  any 
other  sort  of  inflammable  air,  (such  as  the  gas  from  charcoal, 
on  which  also  Priestley  experimented),  was  intended  by  Mr. 
Watt,  is  evident  from  the  circumstance  of  the  equality  of  the 
weight  of  the  water,  on  which,  as  reported  by  Priestley,  he 
so  much  dwells ;  but  which  could  not  have  been  so  exactly 
attained  except  by  that  particular  gas  being  employed:  as 
well  as  by  Mr.  Watt's  expression  of  the  inflammable  air  being 
"  the  matter  which  reduced  the  calces  to  metals," — a  very- 
exact  description  of  hydrogen,  and  of  no  other  gas. 

It  is  evident  tliat  the  term  hydrogen,  derived  from  the 
Greek  word  for  water,  and  designating  one  of  its  constituents, 
could  not  have  been  invented  till  after  the  composition  of  that 
fluid  had  been  ascertained.  Lavoisier  himself,  the  inventor 
of  the  term,  did  not  use  it  till  a  later  period ;  and  he  expressly 
says,  in  the  beginning  of  his  paper,  "  The  inflammable  air 
"  which  I  understand  when  I  mention  it  m  tliis  Memoir,  is 
"  that  which  is  obtained,  either  from  the  decomposition  of 
"  water  by  iron  alone,  or  from  iron  and  zinc  dissolved  in 
"  vitriolic  and  marine  acids ;  and,  as  it  appears  proved  that 
in  all  cases  that  air  comes  originally  from  water,  I  shall 
call  it,  when  it  presents  itself  in  the  aeriform  state,  aqueous 
vflammahle  air ;  and  when  it  is  engaged  in  any  combina- 
"  tion,  aqueous  inflammable  principle''  That  passage  is  one 
of  those  additions  to  the  paper,  which  are  said  not  to  have 
been  made  till  after  November,  1783 ;  for  it  contains  an  allu- 
sion to  the  experiments  made  with  M.  Meusnier,  which  had 
not  been  performed  at  that  date,  but  were  described  in  the 
Memoir  read  at  Easter,  1784. 

But  in  what  respect  was  Cavendish  superior  to  Mr.  Watt 
on  this  point  ?  Even  in  1784  he  used  neither  the  term 
hydrogen  at  all,  nor  uniformly  the  term  inflammable  air ;  for 
his  conclusion  is  in  that  year  thus  stated: — "There  seems 


it 
« 
it 


♦  Article  •  Water,'  Encyc.  Brit..  1797. 
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"  the  utmost  reason  to  think  that  dephlogisticated  air  is  only 
"  water  deprived  of  its  phlogiston,  and  that  inflammable  air  is 
"  either  phlogisticated  water  or  else  pure  phlogiston ;  hut  in 
"  all  probability  tJie  former,'^ — a  conclusion  infinitely  more 
dim  and  distant  from  the  truth  than  those  which  we  have 
just  cited  from  Mr.  Watt's  paper  and  letters.  Such  also  is 
the  language  in  which  the  rest  of  Mr.  Cavendish's  paper,  on 
this  subject,  is  couched ;  and  even  with  all  the  additional 
lights  supplied  by  Watt  and  Lavoisier  to  guide  him,  it  is 
undeniable  that  his  conclusions  are  at  least  as  much  embar- 
rassed and  disguised  as  those  of  either  of  the  others :  while 
M.  Arago,  that  equal  justice  might  be  done  to  all  parties, 
used  exactly  tlie  same  substitution  in  speaking  of  Cavendish's 
labours ;  thus  making  them,  as  well  as  those  of  Mr.  Watt, 
more  intelligible  to  those  accustomed  only  to  the  modem 
nomenclature. 

Lastly,  it  has  been  asserted,  tliat  Cavendish's  mere  experi- 
ments, apart  from  the  formation  of  any  theory,  "  involved 
"  the  notion,  and  established  the  fact,"  of  the  composition 
of  water.  So  in  some  sense  did  Priestley's ; — so  did  Warl- 
tire's ;  nay,  on  the  same  principles,  it  might  be  hard  to  with- 
hold the  merit  of  priority  from  Macqiier  and  Sigaud  de  La- 
fond,  who,  by  the  combustion  of  gases,  produced  water  which 
appeared  to  them  to  be  pure.  It  may  be  true  that  Macquer's 
data,  so  far  as  he  has  recorded  them,  were  scarcely  suflScient 
to  have  led  him  readily  to  form  a  just  opinion  on  the  subject. 
But  Priestley  and  Warltire,  in  their  experiments  of  1781, 
came  very  much  nearer  the  last  experimental  step  afterwards 
arrived  at  by  Cavendisli :  the  loss  of  weight  which  Warltire 
detected  after  the  combustion  was  almost  imperceptible,  and 
was  at  once  to  be  accounted  for  by  tlie  least  imperfection 
in  his  apparatus.  Yet  tliey  both  confidently  attributed  the 
formation  of  the  dew  to  the  mere  deposition  of  suspended 
moisture. 

So  late  as  178-1,  Meusnier  and  Lavoisier,  in  the  commence- 
ment of  their  Memoir  on  the  Decomposition  of  Water,*  remark. 


•  •Memoires  dc  I'AcadAuie '  for  1781,  published  in  1784. 
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that  "there  have  nevertheless  been  doubts  raised  on  that 
"  entire  reduction  of  two  aeriform  fluids  into  water ;  and, 
"  notwithstanding  the  precautions  taken  by  M.  Lavoisier,  to 
"  ensure,  as  much  as  possible,  precision  in  so  delicate  an 
"  experiment ;  notwithstanding  the  conformity  of  the  result 
"  obtained  nearly  at  the  same  time  by  M.  Monge,  in  the 
"  laboratory  of  the  school  of  Mezieres,  with  a  very  exact 
"  apparatus  and  the  most  scrupulous  attention,  some  persons 
"  have  believed,  that  the  water  which  proceeds  from  that 
"  operation  may  be  attributed  to  humidity  held  in  solution 
"  by  the  airs,  and  deprived  of  support  at  the  moment  of  their 
"  combustion."  Such  was,  then,  tlie  experience  of  MM. 
Meusnier  and  Lavoisier,  who,  it  will  not  be  denied,  had  the 
best  means  of  ascertaining  the  impression  really  made  on  the 
scientific  world  by  those  exjieriments,  which,  to  their  own 
minds,  had  brought  conviction  of  the  truth  of  the  theory  of 
the  composition  of  water.  And  in  that  Memoir,  read  as  late 
as  the  21st  of  April,  1784,  when  the  conclusions  of  Watt,  and 
the  able  reasoning  of  Lavoisier  in  his  first  paper,  and  the 
views  of  Cavendish,  and  the  confirmatory  observations  of  La 
Place,  and  Meusnier,  and  Monge,  had  aU  become  well  known, 
those  two  distinguished  philosophers  thus  found  it  needful  to 
begin  anew  their  argument,  by  that  positive  and  particular 
statement  of  the  opposition  which  was  made  to  the  theory, 
or  at  least  of  the  difficulties  which,  with  some,  stood  in  the 
way  of  its  reception. 

In  the  same  year,  Mr.  Kirwan  appears  to  have  thought 
that  he  ventured  far  in  admitting  himself  to  be  "  nearly  con- 
"  vonced,"  that,  when  the  two  gases  are  fired,  "  water  is 
"  really  produced."  *  The  example  of  caution,  which  had 
been  set  by  so  many  sage  experimentalists,  was  further  illus- 
trated in  the  case  of  Dr.  Black,  who,  in  his  correspondence 
with  Mr.  Watt,  only  remarks  of  the  steps  immediately  pre- 
ceding his  discovery,  that  they  appeared  to  liim  "  very  sur- 
"  prising ;"  and,  in  1790,  thus  wrote  to  Lavoisier : — "  I  long 
**  experienced  a  great  aversion  to  the  new  system,  which 


♦  *Phil.  Trans.'  for  1784,  p.  167. 
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"  represented  as  erroneous  that  which  I  had  regarded  as  a 
"  sound  doctrine ;  nevertheless,  that  aversion,  which  was 
"  caused  by  the  power  of  habit  alone,  has  gradually  dimi- 
"  nished,  yielding  to  the  clearness  of  your  demonstrations, 
*'  and  the  solidity  of  your  plan."  * 

Nay,  the  most  conspicuous  instance  of  the  same  truth,  (at 
least  in  France,  for  it  would  be  hard  to  point  out  a  more 
signal  one  than  Priestley),  is  to  be  found  in  the  case  of  M. 
Monge  himself.  He,  as  has  been  shown,-}-  was  perfectly  aware 
of  the  re»idt  of  the  combustion  of  the  two  gases ;  having  per- 
formed the  experiment  on  a  greater  scale,  and  obtained  its 
product  in  a  larger  quantity,  than  was  done  by  any  other  at 
so  early  a  date ;  and  yet  he  appears,  at  a  period  as  late  as 
1786,  when  his  paper  was  printed,  to  have  entertained  very 
uncertain  notions  as  to  the  nature  of  the  change  which  was 
operated,  and  very  great  doubts  as  to  the  theory,  which  would 
now  be  so  idly  represented  to  have  been  obvious  to  any  one, 
who  performed  the  experiments  on  which  it  might  have  been 
founded.  After  enumerating  the  various  deductions  which 
he  thought  possible,  "  either  consequence,"  says  M.  Monge, 
"  is  equally  extraordinary  ;  and  we  could  not  decide  between 
"  them  without  experiments  of  another  sort."  And  he  con- 
cludes, "  we  have,  then,  need  of  much  further  light  on  this 
"  subject ;  but  we  are  entitled  to  expect  it,  both  from  time, 
"  and  from  the  concourse  of  the  labours  of  physical  enquirers." 
The  hesitation  in  yielding  his  assent  to  the  new  doctrine, 
wliich  Monge  thus  philosophically,  but  perhaps  even  too  cau- 
tiously expresses,  is  as  great,  as  the  incredulity  of  Priestley 
was  persevering.      It  is  very  interesting  to  find  Monge  in 


♦  *  Annales  de  Chimie.'  viii.  p.  227. 
It  is  said  by  Mr.  Yeats,  in  his  *  ()l«cr- 

•  vations  on  the  Claims  of  the  Modems 
'  to  some  DiBcoverics  in  Chemis^try  and 

•  Physiology'  (l"i>8,  p.  247),  tliiit  when 
Lavoisier  was  informed,  by  this  letter 
from  Dr.  Black,  of  his  convernion  to 
the  anti-phlogisttic  doctrine,  so  groat 
was  his  joy  in  having  acqnired  such 
able  support,  that  he  published  it  in 
all  the  new8pup<.-rB  in  Taris.  It  is 
an  affecting  incident,  whieli  we  re- 


conl  on  the  same  anthority,  that 
when  Dr.  Black,  in  an  Introductory 
Lecture  on  Chemistry,  came  to  the 
subject  of  the  discoveries  of  Lavoisier, 
soon  after  that  illuytrious  empiirer 
had  become  a  victim  to  the  fury  of 
democratic  tyranny,  —  the  lecturer 
6topp(.'d,  unable  to  proceed : — the  ge- 
nerous feelings  of  a  humane  heart,  re- 
curring to  the  cruel  circumstances  of 
his  di'ath,  prevented  uttiTance, 
t  See  above,  p.  324. 
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1789  thus  writing  to  Mr.  Watt; — "The  decomposition  of 
water  by  the  electric  spark,  of  which  you  have  no  doubt 
heard  by  tlie  *  Journal  de  Physique,'  here  stops  the  mouth 
"  of  the  few  unbelievers  whom  we  still  had ;  and  it  is  no 
"  longer  doubtful,  that  that  liquid  is  composed  of  oxygen  and 
"  hydrogen  :"*  and  then  immediately  expressing  the  profound 
veneration  he  entertained  for  the  talents  and  virtues  of  his 
friend,  whom  he  evidently  looked  upon  as  the  true  author  of 
the  theory  which  had  at  last  been  so  completely  established 
to  the  general  satisfaction. 

In  1789,  also,  six  years  after  the  discovery  had  been  made, 
Berthollet  found  occasion  to  write  no  fewer  than  fifty  pages, 
(printed  in  the  ^Annales  de  Chimie^  for  that  year),  in  confuta- 
tion of  some  of  the  arguments  then  maintained  against  it ; 
chiefly  of  those  of  Mr.  Keir,-}-  whose  acuteness  and  ability 
were  unquestioned,  and  to  the  extent  of  whose  learning,  Ber- 
thollet does  all  justice.  Yet  Mr.  Keir's  opposition  was  both 
zealous  and  obstinate.  Even  Berthollet,  the  author  of  tlie 
paper,  a  chemist  equally  judicious  and  original,  and  who  is 
mentioned  by  Fourcroy  as  the  first  who  solemnly  renounced 
phlogiston,  and  adopted  the  doctrine  of  Lavoisier  "  with 
"  ardour  and  loyalty,"  professes  himself,  at  that  time,  only  a 
recent  proselyte  to  the  doctrine  which  he  had  so  adopted; 
with  great  candour  admitting,  that  he  had  resisted  it  "  longer 
"  than  perhaps  befitted  a  philosophy,  which  should  rise  above 
"  those  secret  motives  which  keep  us  bound  down  to  our  own 
"  opinions."  J 

Fourcroy  speaks  of  "  that  brilliant  discover}'-,  which  had  so 
"  many  prejudices,  so  many  obstacles,  so  many  ancient  errors, 
"  to  overcome."  §  And,  although  he  admits  that  >vithin  a 
few  years  it  became  the  creed  of  a  great  part  of  the  members 
of  the  Academy,  he  adds  that  they  were  obliged  continually 
to  defend  it  against  the  most  desperate  attacks.  He  himself 
soon  followed  the  example  of  Berthollet,  and  of  his  friend 


♦  'Mechanical  Inventions  of  Watt,'  ^  *  Ann.  de  Cliimie/  iii.  p.  114. 

vol.  ii.  p.  237.  ^  *  Systeme  des  Connoissances  Clii- 

t  In  the  article  •Nitric  Acid*  in  'miques,'  tome  i.  p.  37. 
his  Dictionary  of  ChemiBtry. 
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Guyton-Morveau,  whose  conversion  took  place  in  the  close  of 
the  year  178G.* 

The  experience  of  every  observant  student  of  chemistry, 
who  beholds  for  the  first  time  the  wonderful  experiment  in 
which  water  is  formed,  will  serve  to  convince  him  that  at 
that  period  such  hesitation,  or  even  denial,  was  not  so  unna- 
tural as  to  have  been  at  all  surprising,  or  very  discreditable 
to  the  acumen  of  those  who  entertained  it.  Even  if  any 
chemist  of  the  present  day,  looking  at  Mr.  Cavendish's  expe- 
riments with  the  great  additional  light  which  the  improved 
state  of  our  knowledge  now  aflfords,  should  find  it  difficult  to 
suppose,  that  the  mere  facts  observed,  and  results  obtained, 
should  not  at  once  have  received  the  interj)retation  which 
was  afterwards  put  upon  them, — let  him  reflect  whether  great 
weight  is  not  also  due  to  these  considerations ;  viz. — That  if 
Mr.  Cavendish  had  formed  his  theory  in  1781,  he  most  probably 
would  have  mentioned  it,  or  alluded  to  it,  before  1784,  or 
even  1783  ;  or,  at  least,  that  when  he  did  make  it  known,  he 
would  have  named  the  earliest  date  at  wliich  he  could  say 
that  he  had  formed  it.  If  the  probability  of  either,  or  both, 
of  these  things  be  admitted,  it  must  also  be  admitted,  as  a 
consequence  from  the  facts  as  ascertained,  that  he  probably 
did  not  form  liis  theory, — as  he  has  not  even  pretended 
to  have  stated  it, — previous  to  "  the  Spring  of  1783  ;'*  or,  in 
other  words,  previous  to  his  knowledge  of  Air.  Watt's  paper. 

Besides,  if  the  theory  could  not  be  separated  from  the 
experiments,  but  was  necessarily  involved  in  them,  so  as  to 
have  been  apparent  to  any  chemical  philosopher,  or  even  any 
common  observer,  who  was  informed  of  them ;  and  if  it  be 
true,  as  stated  by  Blagden  in  Mr.  Cavendisli's  paper,  that 
"  all  the  experiments  were  made  in  1781,  and  mentioned  to 
"  Dr.  Priestley,"  how  came  Dr.  Prientley  not  to  see  in  them 
the  conclusion  represented  to  be  so  unavoidable?  Or  how 
came  Lavoisier  and  La  Place  not  to  believe  the  communica- 
tion of  Blagden  at  Paris  in  June,  1783  ?  Yet  we  know,  that 
even  in  1783,  they  all  viewed  Mr.  Watt's  theory,  which  was 


*  *  Systcme  des  ConuokBanccs  Chlmiquos,'  tome  i.,  p.  40. 
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so  nearly  identical  with  that  afterwards  promulgiM  If 
Cavendish,  as  entirely  novel ;  nay,  as,  at  first  si^  fil 
incredible.  j 

It  is  thus  impossible  to  say,  that  the  expeiimentsMM^! 
sarily  imply  the  conclusions ;  or  to  consider  the  ri^# 
planation  of  that  most  remarkable  phenomenoQ  u  Imf 
been  included  in  the  mere  observation  of  the  jadBiif 
fact.  To  argue  the  reverse,  is  to  betray  an  ignorance  rfi 
writings  of  the  many  eminent  pliilosopherswhodonWd 
even  denied  the  true  theory,  after  it  had  received  what  wh 
chemists  may  consider  irresistible  confirmation.  CaTen 
appears,  from  his  own  diary  of  experiments,  as  well  ib  fa 
all  the  statements  of  himself  and  his  friend  Bkgd€n,tf 
to  liave  expressed  even  a  suspicion  of  the  theory  of  tta« 
position  of  water,  till  after  the  date  of  Sir.  Watt's  pipi 
April,  1783;  when  "the  notion,"  and  "the  fact,"^«l 
alike,  for  the  first  time,  made  generally  kno\nL  It  i&  <! 
incredible  that  he  could  have  made  so  surjirising  a  iixff 
and  satisfied  himself  of  its  truth,  and  then  tliro¥m  H 
for  years,  without  even  stating,  at  any  time,  in  any  f 
to  any  individual,  that  he  had  done  so ;  especially  ^ 
"  little  disimte,"  as  Blagden  calls  it,  arose  as  to  the  p 
and  assertions  were  distinctly  made  on  the  other  side, 
uncontradicted  as  they  have  been,  certainly  place  Mr. 
dish  second  in  order  of  time. 

After  all  that  lias  now  been  said,  it  can  hardlv  be 
necessary  that  wo  should  gravely  answer  the  ridiculoi 
tion,  that  Mr.  Watt  did  not  in  his  lifetime  put  forwa 
tinct  claim  to  the  honour  which  was  justly  his  due. 
may  be  proper,  as  it  is  easy,  to  refute  the  fiirtlier  n 
ment,  that  Cavendish   "  was  universally  regarded, 
"  continued  to  be  regarded,  as  the  sole  author  of  tli 
"  discovery ;"    and  that    "  it  was  only  in  later  tin 

attempts  have  been  made  to  upset  this  unanimous 

in  his  favour,  when  tliere  are  no  living  witnesses 
"  impression  which  prevailed  among  his  contemporari 


♦  •  Quarterly  Review  *  for  December,  1845,  p.  137. 
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Mr.  Watt's  note  in  the  *  Philosophical  Transactions,'  which 
most  eflfectually  declares  liis  priority,  was  never  contradicted 
nor  called  in  question  by  Cavendish,  or  any  of  his  friends ;  to 
all  of  whom, — and  especially,  as  wo  have  seen,  to  Dr.  Blag- 
den, — it  was  well  known,  being  printed  in  the  same  volume 
with  both  of  the  papers.*  Having,  by  that  note,  done  all 
that  became  so  high-minded  a  man  and  so  true  a  philosopher, 
ho  could  well  afford  to  despise  any  portion  of  fame  that  might 
have  been  gained  by  more  elaborate  or  less  worthy  means. 
"  When  the  theory  of  the  composition  of  water  was  spoken 
"  of  in  the  presence  of  my  father,"  said  Mr.  James  Watt, 
junior,  "  ho  calmly  but  uniformly  sustained  his  claim  to  its 
"  discovery ;  and  once,  on  my  hinting  that  it  was  passed  over 
"  by  some  writers,  and  not  correctly  given  by  others,  he 
"  observed,  that  having  done  all  that  he  and  his  friends  con- 
"  sidered  requisite  to  place  it  upon  record,  by  the  note  aflRxed 
"  to  his  paper  of  2Gth  November,  1783,  in  the  'Philosophical 
"  *  Transactions,'  the  accuracy  of  which  had  never  been  ques- 
"  tioned,  he  should  leave  posterity  to  decided  -f-  Well  might  he 
have  used  the  words,  as  he  always  exemplified  the  sentiment, 
by  which  one  of  the  most  eminent  of  his  admirers,  in  another 
country,  has  added  grace  and  dignity  to  his  own  memorable 
labours.  "  Though  the  opinions,"  says  M.  Dumas,  "  to  which 
**  my  researches  have  conducted  me,  might  have  given  room 

for  more  than  one  discussion,  I  shall  be  pardoned  for  having 

deemed  myself  above  those  vain  polemics.  The  moments 
"  which  I  rescue  from  them  are  devoted  to  ascending  by 
"  experiment  to  the  sources  themselves  of  truth ;  and  I  trust 
"  that  they  are  thus  more  usefully  employed  for  the  interests 
"  of  that  science,  to  which  I  have  consecrated  my  life."  J 

Mr.  Watt's  constant  occupation  in  pursuits  which  he  was 


*  It  deserves  to  bo  mentioned,  that  interest  do  not  consnlUoriginal  antho- 

in  the  Abridgment  of  tlie  Paprrs  in  rities. 

the  *  Philosopliical  TranHactions,'  pro-  +  Letter  to  the  author,  5  Febru- 

Sred  by  Mutton,  Shaw,  and  Peardon,  ary,  1846,   printed  with  the  *  Corro- 

r.  Watts  important  note  is,  very  *  spondenco  on  the  Discovery  of  the 

improperly,  omitted.     This  may  ac-  *  Composition  of  Water.' 

count  for  Cavendish  liaving  ri'ceivcd  J  Preface  to  *  M<5moire8  de  Chimie,* 

the  credit  of  the  priority,  witli  some  Paris,  1843. 
of  those  who  on  subjects  of  scientiflo 
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obliged  to  prefer  even  to  his  chemical  stages,  u 
essential  to  the  advantage  both  of  himself  and  hk  eoil 
together  with  his  "  contempt  for  the  modicum  of  fcneJi 
"  would  result  from  such  a  discovery," — nav,  eventki 
lence  of  which  he  frequently  speaks  as  constitntioDillii 
which  the  great  works  he  accomplished  certainly  exblJI 
trace ; — above  all,  his  extreme  modesty,  and  absolute  d* 
tion  not  only  of  appearing  in  any  way  to  celebrate  Mi  < 
praises,  but  even  of  being  compelled  to  listen  to  tbei^ 
combined  to  prevent  his  taking  other  steps  for  enBoringfl 
to  himself,  than  were  absolutely  essential  for  placing  U 
ority  upon  record.  In  his  own  person  he  formed  onl 
good  an  illustration  of  the  words  of  one  of  his  letters  t 
Black,* — "  all  this  you  bring  on  yourself  by  not  jnU 
"  your  discoveries."  And  the  foresight  of  the  same  ch 
and  sagacious  friend  led  liim  to  write  to  ilr.  Watt  in 
emphatic  words; — "Were  you  to  bo  the  first  pnbfe 
"  your  discoveries,  you  would  do  it  in  such  a  cdd  anJ 
"  manner,  tJuit  bhckheadd  would  conclude  there  tcoM  «<" 
"  it,  and  rogues  would  afterwards,  by  making  trijlhig  w 
"  vamp  off  the  greater  part  of  it  as  their  own,  aiii  fli 
"  whole  merit  to  themselves'^ "f  A  remarkable  pred 
most  singularly  verified ! 

Further,  we  have  shown  that  the  doublv  errune 
which  were  inserted  in  the  Papers  printod  under  \ 
immediate  superintendence,  as  Secretary  to  the  Koyi 
in  1784,  were  calculated  entirely  to  misleiid  the  w 
Mr.  Watt  being  first,  and  Cavendish  last,  in  the  c 
or,  at  least,  could  not  fail  to  produce  much  conf 
uncertainty,  as  to  the  relative  priority  of  their 
theories.  That  this  purpose  was  in  great  measur 
as  regards  some  chemical  authors,  is  proved  by  1 
sistencies  of  various  works  which  touch  on  the  poi 
practice  unquestionably  prevailed  with  many  write 
countiy,  (some  of  whom  did  little  more  than  copj 
others),  of  speaking  loosely  of  "  ]\Ir.  Cavendish's  d 


♦  Sept.  25,  1783.  f  I^r.  Black  to  Mr.  Watt,  13th  1 
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just  as  in  France  the  same  thing  was  done  in  regard  to  Lavoi- 
sier, La  Place,  Monge,  and  Meusnier. 

But  to  that  rule  there  have  also  been  many  exceptions. 
Thus  Nicholson,  in  his  preface  to  the  translation  of  Fourcroy, 
published  in  1788,  says,  "  Mr.  Watt  has  therefore  a  claim  to 
"  the  merit  of  a  discoverer  with  regard  to  the  composition  of 
"  water,  and  has  the  advantage  of  priority  in  the  discovery  of 
"its  decomposition."*  The  same  statement  is  repeated  in 
his  *  Chemical  Dictionary,'  in  1795 ;  t  although  in  both  places 
Mr.  Cavendish  also  is  called  a  discoverer.  In  the  excellent 
article  on  Water,  in  the  third  edition  of  the  *  Encyclopaedia 

*  Britannica,'  published  in  1797,  it  is  distinctly  said, — "  with 
"  respect  to  Mr.  Watt,  we  think  it  appears  that  he  was  the 
"  first  person  who  formed  the  true  theory."  In  the  transla- 
tion of  the  fifth  edition  of  Fourcroy,  published,  with  numerous 
valuable  notes,  by  the  late  Dr.  John  Thomson  of  Edinburgh, 
the  very  learned  translator  has  supplied  the  undue  omission 
of  his  author ; — "  It  is  but  justice,"  he  says,  "  to  add,  that 

the  same  inference  had  been  made  by  Mr.  Watt,  and  com- 
municated by  him  in  a  letter  to  Dr.  Priestley,  dated  April 
"  26,  1783.  See  'Phil.  Trans.,'  vol.  Ixxiv.  p.  330."  J  Lord 
Brougham,  writing  in  the  *  Edinburgh  Review  *  in  1803,  ably 
stated  for  the  first  time  the  opinion  to  which  his  early  studies 
had  led  him,  and  which  the  additional  inquiries  of  half  a 
century  have  so  materially  confirmed,  viz.  that  "some 
**  ingenious  men,  particularly  Mr.  Watt,  reasoning  from  all 
"  these  facts,  concluded  that  this  fluid  is  a  compound  of  the 
"  two  airs,  deprived,  by  their  union,  of  a  considerable  portion 
"  of  their  latent  heat ;  the  quantity,  viz.  which  is  necessary  for 
"  maintaining  the  elastic  state."  §    In  Dr.  Thomas  Thomson's 

*  Chemistry,'  1804,  1807,  ||  and  Murray's  '  Chemistry,' 1806, 
1819,^  while  the  independence  of  Mr.  Cavendish  is  main- 
tained, the  priority  is  assigned  to  Mr.  Watt.  Dr.  Dalton,  in 
his  *  New  System  of  Chemical  Philosophy,'  in  1810,**  says. 


♦  Vol.  L  p.  14.  §  *  Edin.  Review/  vol.  iii.  p.  11. 

t  P.  1020.  II  Vol.  i.  p.  -577  ;  vol.  ii.  p.  109. 

I  Tliomaon's Fourcroy,  vol. i. p. 240,  ^  Vol.  ii.  p.  158;  vol.  ii.  p.  111. 

1798.  ♦♦  Part  IL  p.  210. 
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that  "  the  composition  and  decomposition  of  water  were  ascer- 
"  tained ;  the  former  by  Watt  and  Cavendish,  and  the  latter 
"  by  Lavoisier  and  Meusnier."  In  his  *  History  of  the  Royal 
*  Society '  also,  published  in  1812,  Dr.  Thomas  Thomson  says, 
after  having  mentioned  Cavendish's  paper,  "  ]Wj.  Watt  had 
"  previously  drawn  the  same  conclusion  from  the  experiments 
«  of  Dr.  Priestley  and  Mr.  Warltire."  * 

All  of  these  statements  excepting  the  last,  were  made 
during  the  life  of  Cavendish,  who  died  in  1810 ;  and  the 
whole  of  them  were  made  in  the  lifetime  of  Watt,  who  died, 
as  is  well  known,  in  1819 ;  and  also  in  that  of  Blagden,  who 
died  in  the  following  year. 

After  the  death  of  Mr.  Watt,  his  correspondence  and  the 
relative  papers  on  this  subject  were  submitted  by  his  son  to 
various  learned  persons,  most  competent  to  form  a  just 
opinion  of  their  importance,  and  of  the  facts  which  they 
establish;  to  Sir  Humphry  Davy,  Mr.  Corrie,  Sir  David 
Brewster,  and,  among  the  rest,  to  Dr.  William  Henry  of  Man- 
chester, who  has  been  termed  by  Lord  Jefirey,  "  probably 
"  the  very  liighest  authority  that  could  have  been  referred  to 
"  on  such  a  subject."  In  regard  to  Dr.  Henry  and  his 
opinion,  the  most  forward  advocate  of  Cavendish,  the  Rev. 
William  Vernon  Harcourt,  Canon  of  York,  in  a  postscript 
added  to  an  address  wliich  he  read  to  the  British  Association, 
thought  proper  to  make  the  following  assertion  : — "  Though 
"  I  have  not  had  the  advantage  of  studying  the  unpublished 
"  MSS.  of  Watt,  I  know  that  they  were  submitted  to  the  in- 
"  spection  of  the  late  Dr.  Henry,  with  whose  reputation  as 
"  a  pneumatic  chemist  M.  Dumas  is  well  acquainted ;  and 
"  whose  knowledge,  acuteness,  and  candour,  were  such  as 
"  eminently  qualified  him  to  judge  in  such  a  question ;  and 
"  I  learned  from  Dr.  Henry,  that  these  MSS.  produced  no 
"  change  in  his  opinion  as  to  Cavendish's  title  to  be  con- 
"  sidered  the  first  discoverer  of  the  composition  of  water."  "f 
Now,  the  late  Dr.  Henry  was  the  only  witness  summoned  by 
Mr.  Harcourt  as  acquainted  with  the  MSS.  of  Watt;  and. 


*  P.  *71.  t  Mr.  Harcourt's  Postscript  to  his  Address,  p.  26. 
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from  the  silence  of  the  grave,  Mr.  Harcourt  seemed  not  to 
have  feared  to  receive  contradiction. 

Happily,  Mr.  James  Watt,  junior,  had  preserved,  and  we 
have  seen.  Dr.  Henry's  original  letter  of  8th  June,  1820 ;  in 
which,  under  his  own  hand,  his  opinion  at  that  time  is  thus 
stated: — 

"  I  have  made  use  of  the  very  first  moments  of  leisure  that 
"  have  occurred  to  me  since  you  were  here,  to  look  atten- 
tively over  the  papers  of  Mr.  Cavendish  and  your  father, 
and  the  other  documents  which  you  pointed  out  to  my 
"  notice. 

"  There  w  no  room  for  doubt  as  to  your  fathers  priority, 
"  It  is  established  beyond  all  dispute,  by  a  comparison  of 
"  dates,  that  your  father  was  the  first  to  interpret  rightly  the 
"  important  experimetits  showing  the  synthesis  of  water, 

"  I  should  say  that  your  father  was  the  first  who  had  the 
sagacity  to  draw  the  right  conclusion  from  the  experiment  of 
Dr.  Priestley,  and  to  take  that  view  of  the  constitution  of 
"  water,  which,  to  this  time,  continues  to  be  received  by  phiUh 
"  sophers  as  the  true  one*^ 

The  entire  letter,  written  before  Dr.  Henry  had  read  the  cor- 
respondence afterwards  published,  is  given  below.*    It  seems 


« 


(( 


•  Letter  frcim  the  late  Dr,  Henry  of 
Manchester  to  James  Watt,  Esq.,  Aston 

HaU. 

"  MA5CHEOTER.  8th  June,  1820. 

••  Mr  DEAR  Sir, — I  have  made  use 
"  of  the  very  first  moments  of  leisure 
'*  that  have  occurred  to  me  since  you 
•*  were  here,  to  look  attentively  over 
'*  the  papers  of  Mr.  Cavendish  and 
•*  your  father,  and  the  other  docu- 
**  ments  which  you  pointed  out  to  my 
**  notice. 

"  It  does  not  appear  that  Mr.  Warl- 
*'  tire  has  a  claim  to  any  share  in  the 
"  discovery  of  the  composition  of 
**  water.  His  sole  ohjoct  was  to  ascer- 
**  tain,  by  firing  dephlog^sticatcd  and 
*'  inflammable  airs  in  a  close  vessel, 
'*  accurately  weighed  before  and  after 
**  the  experiment,  whether  heat  be 
"  ponderable^  or  not.  The  results 
'*  which  he  obtained  indicated  a 
**  smaU  loss  of  weight,  but  these 
'*  most  have  been  rendered  erroneous 


**  by  some  defect  of  his  apparatus, 
which,  being  of  copper,  prevented 
him  from  observing  the  production 
**  of  moisture,  subsequently  remarked 
••  by  Dr.  Priestley,  when  the  process 
was  repeated  with  the  substitution 
of  a  vessel  of  glass.  Dr.  Priestley, 
also,  first  remarked  the  almost  en- 
**  tire  condensation  of  the  two  gases, 
"  and  the  correspondence  of  their 
**  weight  with  that  of  the  water 
**  formed.  *  This  water,'  your  father 
observes,  (*  Phil.  Trans.,'  vol.  Ixxiv., 
p.  333),  *  is,  then,  the  only  remain- 

*  ing  product  of  tlie  process,  and 

*  water,  light,  and  heat,  are  all  the 

*  products,  imless   there   bo    some 

*  other  matter  set  free  which  escapes 

*  our  senses ;'  and  then  immediately 
follows  the  conclusion,  *  that  water 

*  is  composed  of  dephlogisticated  air 

*  and  phlogiston,'  (a  term  then  used 
as  synonymous  with  hydrogen  gas, 
which  had  just  come  to  be  con- 
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by  it,  that  Dr.  Henry  ab%olutely  excludes  Mr.  Cavendish  as  a 
discoverer.  For  he  rightly  attributes  to  Priestley  the  making 
the  experiment,  with  the  important  observations  of  the  de- 
posit of  water,  and  of  the  equality  of  weight ;  and  to  Caven- 
dish merely  the  praise  of  performing  the  one  and  repeating 
the  other  with  precision.  He  assigns  to  Mr.  Watt  the  whole 
merit  of  the  discovery  of  the  theory.  As  to  the  distinction 
which  Dr.  Henry  seems  to  have  been  then  inclined  to  make, 
between  the  discovery  of  the  composition^  and  tlie  discovery  of 
the  theory  of  the  composition,  of  water,  because  Mr.  Watt  drew 
his  conclusions  from  an  experiment  of  Dr.  Priestley's,  we  leave 
it  to  others  to  say  how  any  share  of  the  credit  of  the  dis- 
covery can  possibly  attach  to  Dr.  Priestley  ;  who,  though  he 
made  that  experiment,  and  thus  unconsciously  furnished  the 
facts  on  which  Mr.  Watt's  reasoning  was  in  great  measure 
founded,  uniformly  denied  the  whole  doctrine  of  the  composition 
of  water,  and  was  never  persuaded  to  believe  in  it.    It  is  evident 
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sidored  as  pure  phlogiston),  *  de- 
*prived  of  part  of  tlieir  latent  or 

*  elementary  heat.'  This  just  infe- 
rence from  the  facts  is  distinctly  as- 
cribe to  your  &tther  by  Mr.  Caven- 
dish himself,  (same  vol.,  p.  140), 
and  there  is,  therefore,  no  room  for 
any  doubt  as  to  your  father's  pri- 
ority. The  subject  was  next  prose- 
cuted by  Mr.  Cavendish,  with  that 
admirable  sagacity  and  precision  for 
which  he  is  so  justly  celebrated,  and 
it  was  not  till  after  his  experiments 
that  those  alluded  to  by  your  father, 
(p.  333^,  as  made  at  Paris  on  large 
quantities  of  the  two  airs,  appear  to 
have  been  performed. 

"  It  is,  therefore,  established  beyond 
all  dispute,  by  a  comparison  of  cUktss, 
tliat  your  father  was  the  first  to  in- 
terpret rightly  the  important  expe- 
riments showing  the  synthesis  of 
water.  But  as  the  experiment  lead- 
ing to  this  doctrine  originated  not 
with  him  but  with  Dr.  Priestley,  I 
am  not  sure  whether  it  would  not  be 
too  comprehensive  a  claim  to  assert 
for  your  father,  *  the  discovery  of 

*  the  compositibn  of  water,'  to  which 
extent,  ii  I  recollect  rightly,  your 
method  of  stating  it  goes ;  for  this 
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would  implv  that  the  facts  were  dis- 
covered by  him,  and  not  merely  that 
he  had  reasoned  correctly  on  the 
facts  of  another  person.    I  should, 
therefore,  rather  say  that  your  father 
was  the  first  who  had  the  sagacity 
to  draw  the  right  conclusion  from 
the  experiment  of  Dr.  Priestley,  and 
to  take  that  view  of  the  constitution 
of  water,  which,  to  this  time,  con- 
tinues to  be  received  by  phUosophen 
as  the  true  one, — or  sometiiing  to 
that  effect.     In  the  case  of  your 
father,  there  is  such  a  firm  founda- 
tion, in  discoveries  most  beneficial 
to  mankind,  for  a  great  and  imperish- 
able fame,  that  it  is  perhaps  better 
to  claim  less  rather  than  more  than 
his  due,— a  sentiment  which  has  evi- 
dently influenced  the  general  tone 
of  the  memoir  which  you  were  kind 
enough  to  show  me,  and  of  which  I 
expressed  to  you  very  warm  and 
very  sincere  approbation. 
"  I  hope  that  I  shall  again  have  the 
pleasure  of  seeing  you,  and  for  a 
lon^r  time,  as  you  pass  southwards ; 
ana  in  the  meantime  I  i^main, 
"  My  dear  Sir, 

"  Yours  very  faithfully, 
(Signed)    "  Wiluam  Henry." 
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that  Mr.  Cavendish  also  might  well  have  performed  the  expe- 
riment, without  drawing  the  conclusion. 

Mr.  Watt,  on  the  other  hand,  as  we  have  already  shown, 
announced  first  in  order  of  time,  and  with  the  utmost  clear- 
ness, the  real  nature  of  the  composition  of  water,  and  the 
proportion  in .  which  the  two  gases  combine  to  form  it  In 
the  words  of  Lord  Brougham's  note  on  his  *  Natural  Theology,' 
published  in  1835,  "  Dr.  Priestley  drew  no  conclusion  of  the 
"  least  value  from  his  experiments.  But  Mr.  Watt,  after 
"  thoroughly  weighing  them,  by  careful  comparison  with 
"  other  facts,  arrived  at  the  opinion  that  they  proved  the 

composition  of  water.     This   may  justly  be  said  to  have 

been  the  discovery  of  that  great  truth  in  chemical  science. 
"  I  have  examined  the  evidence,  and  am  convinced  that  he 
"  was  the  first  discoverer,  in  point  of  time ;  although,"  his 
Lordship  then  continued,  "  it  is  very  possible  that  Mr.  Caven- 
"  dish  may  have  arrived  at  the  same  truth  from  his  own  ex- 
"  periments,  without  any  knowledge  of  Mr,  Watt's  earlier 
"  process  of  reasoning." 

The  opinion  which  the  late  Dr.  Henry  expressed  to  Mr. 
Watt,  junior,  after  having  carefully  read  the  Correspondence, 
is  given  in  a  note  to  his  letter  to  the  author,  published  in 
1846,  as  follows  : — "  Dr.  Henry  afterwards,  in  the  years  1835 
"  and  1836,  called  upon  me,  and  inspected  the  original  cor- 
"  respondence,  which  had  the  natural  efiect  of  strengthening 
"  the  opinion  he  had  formed  and  expressed  in  1820 ;  and 
"  upon  the  latter  occasion  he  mentioned  his  intention  of 
"  writing  a  History  of  Chemistry,  in  which  he  said  he  should 
"  do  justice  to  my  father's  claims  to  the  priority."  But  that 
nothing  may  be  wanting  to  complete  the  information  which 
on  this  point  we  are  anxious  to  supply,  we  beg  next  to  give 
some  passages  of  a  letter  from  Dr.  William  Charles  Henry  ; 
whose  learned  accomplishments  still  worthily  adorn  that  name, 
which  the  well-known  merits  of  liis  father  and  grandfather 
have  so  long  endeared  to  science. 

Mr.  Vernon  Harcourt,  I  observe,  in  the  newspaper  record 

of  his  opening  speech  at  Birmingham,  has  challenged  the 
"  accuracy  of  M.  Arago's  adjudication  of  your  father's  and 
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"  Cavendish's  claims  to  the  discovery  of  the  composition  of 
**  water.  *  *  *  My  f  other y  I  distinctly  rememher^  came  last 
"  from  a  visit  to  you,  after  a  full  examination  of  the  docu- 
mentary evidence  you  submitted  to  him,  impressed  tvith  a  clear 
conviction  that  Mr,  Watt  was  the  first  to  interpret  justly  the 
"  experiment  of  tJie  synthetic  formation  of  water,  and  must  be 
"  regarded  as  the  discoverer  of  the  true  theory  of  its  compo- 
"  sition.'*  * 

Such  are  the  facts  of  Mr.  Harcourt's  attempt, — and  failure, 
— to  come  to  the  rescue  of  Cavendish.  They  speak  for  them- 
selves. And  we  think  that  our  readers  will  agree  with  us 
that  after  the  full  publication  of  Dr.  Henry's  letter,  and  the 
strong  corroborative  assurance  aflforded  by  his  son,  some  re- 
tractation, explanation,  or  apology,  ought  to  have  been  offered 
by  Mr.  Harcourt  of  the  statement  which  he  so  unfortunately 
made.  None  such,  however,  has  yet  been  given ;  and  we 
can  only  add,  with  Lord  Jeffrey,  that  "  We  should  be  more 
"  sorry  for  JVIr.  Harcourt,  in  making  this  annunciation,  if  he 
"  had  sliown  a  less  unbounded  confidence  in  his  own  reason- 
"  ings  and  powers  of  refutation ;  as  it  is,  we  can  only  hope 
"  that  he  may  at  length  profit  by  the  rebuke*  he  has  dra¥m 
**  down  on  himself ;  and  that,  if  he  should  take  the  field 
"  again,  he  will  at  legist  avoid  the  error  of  ushering  in  his 
"  defeat  by  a  song  of  triumph." 

Sir  Humphry  Davy's  opinion  on  the  matter  having  been 
referred  to,  may,  with  propriety,  here  be  noticed.  In  his 
*  Elements  of  Chemical  Philosophy '  t  b^  slightly  alludes,  (as 
many  others  have  done  in  the  same  loose  way  of  speaking), 
to  Mr.  Cavendish's  two  discoveries  of  the  composition  of  water 
and  of  nitric  acid.  But  in  one  of  his  lectures,  supposed  to 
have  been  written  about  1806,  the  more  particular  account 
he  gives  is,  that  in  1781,  "  Mr.  Cavendish,  in  a  process  con- 
"  ceived  with  his  usual  sagacity,  and  executed  with  his  usual 
"  precision,  showed  that  when  common  air  and  hydrogen 
"  were  exploded  together,  in  the  proportion  of  two  and  a  half 


♦  Dr.  William  Charles  Honry  to     his  collected  works,  published  by  his 
Mr.  James  Wtitt,  4th  Jan.  1840.  brother,  Dr.  John  Dayy. 

t  Vol.  iv.  p.  30,  of  the  edition  of 


.  XXII.  OPINION  OF  SIR  H.  DAVY.  376 

one,  the  product  was  pure  water,  which  exactly  coire- 

ided  in  weight  to  the  gas  consumed.     And  Mr.  Watt, 

ning  on  this  experiment,  formed  the  conclusion  that 

it  consisted  of  pure  and  inflammable  air,  deprived  of 

l^^'^be  greatest  portion  of  their  latent  heat."    Now,  the  expe- 

ents  on  which  Mr.  Watt  reasoned  were,  as  has  been  seen, 

Cavendish's,  but  Priestley's.    But  the  great  and  important 

ction  is  clearly  drawn,  between  Mr.  Cavendish's  mere 

rvation  of  a  fact,  and  the  explanation  of  it  by  the  theory 

ttfriiich  Mr.  Watt  formed.    When,  in  1824,  Mr.  Watt's  corre- 

tajK>ndence  on  the  subject  was  laid  before  Sir  Humphry,  he  read 

^9ie  letters  over,  says  Mr.  Watt,  junior,  "  with  much  interest, 

^*  and  appeared  exceedingly  struck  with  their  contents.     Ho 

*■  expressed  concern  at  the  effect  wliich  their  publication  must 

•■  produce,  (a  concern  not  imnaturally  proceeding  from  his 

•*  known  attachment  to  Mr.  Cavendish),  and  he  did  not  then, 

"^  or  at  our  subsequent  meeting  in  182G,  endeavour  to  lessen 

■*  their  force,  or  to  call  in  question  the  deductions  resulting 

"•  from  their  perusal.   In  the  last  conversation  I  had  with  him 

*■  here  on  the  subject,  he  said  he  thought  that  my  father's 

"  theory,  admitting  the  latent  heat,  would  prove  correct."  * 

.    In  the  Memoir  of  Mr.  Watt  which  was  published  in  1824, 

in  the  sixth  edition  of  the  '  Encyclopaedia  Britannica,'  his  just 

claims  to  the  priority  of  the  theory  of  the  composition  of 

water,  are  concisely  but  comprehensively  detailed.  They  were 

made  more  widely  known  by  the  eloquent  *  Eloge  of  Watt '  read 

by  the  late  lamented  M.  Arago  before  the  Institute  of  France, 

on  the  8th  of  December,  1831,  and  published  in  the  'Memoires 

*  de  r Academic  des  Sciences,'  as  well  as  in  the  *  Annuaire  du 

*  Bureau  des  Longitudes'  for  1839,  accompanied  by  the  able 
and  interesting  Historical  Note  by  Lord  Brougham,t  and  by 
some  other  notes  added  by  the  late  Mr.  James  Watt,  junior. 
In  January,  1840,  on  the  occasion  of  M.  Arago  presenting  to 
the  Academy  of  Sciences  a  Translation  into  English  of  the 

*  Eloge,'  the  statement  which  it  contained  of  Mr.  Watt's  claims 


♦  Letter  from  Mr.  Jumes  Watt,  ju-     *  covery  of  the  Composition  of  Water/ 
nior,  to  the  autlior,  printed  with  the     1S46,  pp.  ix.,  x. 
•  Correspondence  of  Watt  on  hisDi^-         f  ^^^  Appendix. 
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received  the  emphatic  corroboration  of  M.  J.  Dumas ;  who 
stated,  that  after  having  attentively  examined  the  reasoning 
of  his  fellow-member,  after  having  also  scrupulously  studied 
the  correspondence  preserved  at  Aston  HaD,*  he  adopted 
"  completely  and  in  all  its  parts,"  the  history  which  M.  Arago 
had  written  of  the  discovery  of  the  composition  of  water ;  and 
that  his  opinions  upon  that  point  were  so  decided,  that  ho 
desired  his  declaration  to  be  inserted  in  the  Compte-Rendu  of 
the  meeting.  "  And  a  more  authoritative  deliverance,"  says 
Lord  Jeffrey,  "  we  suppose  will  not  easily  be  found  in  any 
"  such  register."  t 

Than  IL  Dumas,  a  more  competent  judge  of  such  a  ques- 
tion could  not  possibly  be  imagined  ;  for,  while  his  own  repu- 
tation as  a  scientific  chemist  is,  probably,  unsurpassed  in 
Europe,  and  wliile  he  has  shown,  in  common  with  M.  Arago, 
complete  impartiality,  in  deciding  against  the  claims  of  his 
much  distinguished  and  lamented  countryman  Lavoisier,  he 
happens  to  be  also  especially  conversant  with  every  part  of 
the  subject  itself.  The  details  of  a  prolonged  series  of  most 
laborious  and  skilful  experiments,  whereby  he  was  enabled  to 
correct  the  errors  into  which  MM.  Berzelius  and  Dulong  had 
been  led,  and  for  the  first  time  to  establish  with  minute 
precision,  the  exact  proportion  in  which  oxygen  and  hydrogen 
combine  to  form  water,  are  to  be  found  in  his  valuable  M^^ 
moires  de  Chimie  ;%  and  well  deserve  the  attentive  perusal  of 
all  those  who  can  appreciate  the  merit  of  ingenuity,  perse- 
verance, and  accuracy,  in  matters  demanding  the  most  diffi- 
cult, protracted,  and  refined  investigation.  M.  Dumas,  when 
in  England,  in  1847,  on  a  mission  from  his  Government,  again 
came  forward  to  state  that  he  had  only  been  confirmed  in  the 
opinion  wliicli  lie  had  put  on  record  some  years  previously,  by 
the  consideration  of  all  that  had  since  been  published  on  both 
sides  of  the  question.  And  he  added,  that  in  the  corre- 
spondence and  other  manuscripts  on  the  subject  of  the  com- 

K 

♦  The  original  letters  were  submit-  1848. 

toil  to  liis  perusal  by  Mr.  Watt,  junior,  \  *  Memoires  de  Chimie,  par  M.  J. 

US  they  had  before  been  to  M.  Ara(?o.  *  Dumas,  Membre  do  I'lnstitut.'  Paris, 

t  *  Edinburgh  Review'  for  Januarj-,  1843,  p.  395. 
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position  of  water,  which  he  had  occasion  to  study  attentively 
with  a  view  to  that  full  account  of  Lavoisier's  life  and  works 
which  he  is  now  preparing, — and  which,  we  may  observe,  the 
scientific  world  has  long  been  eagerly  expecting, — ^he  had 
found  "  strong  additional  reasons  for  awarding  the  whole 
"  glory  of  that  great  discovery  to  Watt"  * 

The  learned  and  philosophical  chemist  of  Sweden,  Beiv 
zelius,  in  1841,  on  a  deliberate  review  of  the  works  then  pub- 
lished on  this  subject,  has,  without  hesitation,  assigned  to  Mr. 
Watt  that  merit  and  priority  of  date,  which  so  many  other 
learned  men  have  with  justice  attributed  to  him :  saying  that 
it  is  clear  that  he  arrived  at  his  conclusions  eight  months 
earlier  than  Cavendish,  who  could  scarcely  have  been  ignorant 
of  them  when  he  wrote  his  paper ;  and  only  expressing  a 
doubt  as  to  whether  he  used  the  term  phlogiston  as  syno- 
nymous with  inflammable  air,  or  hydrogen  gas,  and  whether 
he  did  not  amend  his  views  on  the  publication  of  those  of 
Lavoisier.t  We  have  adduced  incontestable  proof,  in  no 
fewer  than  eight  distinct  passages  from  Mr.  Watt's  own  writ- 
ings, besides  those  cited  from  Priestley  and  others  on  the 
same  point,  of  his  having  considered  phlogiston  and  inflam- 
mable  air  to  be  identical ;  and  all  of  those  were  written  pre- 
vious to  his  knowledge  of  Lavoisier  having  even  entered  upon 
the  9tiiject.  Mr.  W^att's  note,  given  above  at  p.  359,  further 
shows  that  he  was  "  perfectly  convinced  "  of  inflammable  air 
being  "  the  real  phlogiston  in  an  aerial  form,"  even  previous 
to  Dr.  Priestley  making  his  experiments. 

As  Berzelius  further  expressly  says,  that  if  we  translate  the 
quotation  from  Mr.  Watt's  paper  into  the  language  of  the 
anti-phlogistic  chemistry,  (i  e.  if  we  translate  the  word  phlo- 
giston into  inflammable  air,  or  hydrogen  g6ts,  and  dephlogisti- 
cated  air  into  oxygen  gas),  his  conclusion  is  indisputable,  we 
cannot  but  feel  that  any  censure  he  bestows  on  M.  Arago  for 
making  that  translation,  which  the  facts  so  fully  warrant,  is 
wholly  undeserved.     For,  however  various  may  have  been 


♦  *  Edinburgh  Review '  for  January,     '  die  Fortschritto  dor  physischen  Wi»- 
1848,  vol.  Ixxxvii.,  p.  85.  *  8on«chaften,'   IT.  Heft.   pp.  43-r»l. 

t  Berzeliua,   '  Jahres-Bericlit  iiber     Tubingen,  1841. 
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the  meanings  attached  to  the  word  ^^  phlogiston^'  by  other 
chemists  of  the  phlogistic  school,  we  have  sliown  that  there 
can  be  no  mistake  as  to  what  Mr,  Watt  meant  by  it,  when  he 
formed  his  famous  conclusions ;  as  he  founded  them  in  great 
measure  on  the  circumstance,  reported  by  Priestley,  of  the 
equality  of  weight  between  the  gases  fired,  and  the  water 
produced:  a  result  which  could  not  so  exactly  have  been 
obtained  if  any  other  inflammable  air  except  hydrogen  had 
been  fired  with  the  oxygen  or  dephlogisticat^  air. 

Nor  was  the  acceptance  with  which  such  views  were  re- 
ceived confined  to  those  who  had  previously  espoused  the 
cause  of  Watt,  or  who  had  remained  witliout  preoccupation 
on  the  subject.  As  an  instance  of  the  change  which  was 
wrought  by  the  force  of  truth  on  the  convictions  of  others 
equally  distinguished,  we  may  mention  a  most  eminent  philo- 
sopher, who  having,  at  a  former  period,  on  the  imperfect 
information  then  open  to  liim,  been  disposed  to  support  the 
claims  of  Cavendish,  on  fully  studying  the  fresh  evidence 
which  the  correspondence  of  Mr.  Watt  first  made  public,  un- 
hesitatingly professed  his  entire  conversion ;  and  in  one  of 
those  eloqueut  essays  by  which  he  has  so  often  adorned  the 
progress  of  scientific  discovery,  publicly  announced,  as  the 
conclusion  at  which  he  had  arrived,  that  the  argument  for 
IMr.  Watt's  priority  "  had  now  been  placed  on  a  sound  and 
"  impregnable  basis."  *  That  the  name  of  Sir  David  Brewster 
should  be  known  throughout  the  whole  civilised  world  by  the 
most  brilliant  discoveries  in  the  most  beautiful  of  sciences,  can 
scarcely  be  deemed  more  honourable  to  him  as  a  man,  than 
the  perfect  candour  wliich  he  thus  displayed ;  and  such  unre- 
served testimony,  spontaneously  borne  under  such  circum- 
stances by  such  an  authority,  has  evidently  a  most  conclusive 
bearing  on  the  question  in  regard  to  which  it  was  delivered. 

After  the  appearance  of  Sir  David's  fervent  and  powerful 
appeal,  another  eminent  person,  the  late  lamented  Lord 
Jefirej,  consecrated  the  last,  and  we  believe  the  longest,  as  it 
certainly  is  one  of  the  very  ablest  of  all  his  critical  labours,  to 


♦  *  North  British  Review'  for  January.  1847,  vol.  vi.  p.  497. 
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ail  admirable  and  truly  judicial  review  of  the  whole  contro- 
versy, then  well-nigh  its  close.*  His  Lordship  had,  in  1819, 
penned  the  first  and  best  eulogium  that  appeared  on  tlie  oc- 
casion of  the  deatli  of  his  venerated  friend,  "  the  inventor  of 
"  our  present  steam-engine ;"  and  both  of  those  works  of  love 
and  respect  to  the  memory  of  one  whom  he  always  delighted 
to  honour,  will  long  survive,  as  graceful  memorials  of  their 
mutual  fame,  and  of  Ids  unfailing  affection.  We  need  scarcely 
add  that  Lord  Jeffrey  was  conducted,  by  his  full  examination 
of  every  argument  used  on  either  side  of  the  case,  to  the  con- 
clusion tliat  Jlr.  Watt  was  clearly  the  first  original  and  com- 
plete discoverer  of  the  compound  nature  of  water ;  and  that 
Cavendish  never  ventured  to  state  his  own  theory  until  he 
had  become  acquainted  with  the  discovery  first  committed  to 
writing  and  publicly  stated  by  Watt. 

Lastly,  Liebig,  to  whom  the  world  is  under  obligations 
which  it  is  almost  impossible  to  overrate,  for  his  application 
of  chemical  science  to  purposes  of  utility  in  many  depart- 
ments of  practical  life,  in  his  *  Letters  on  Chemistry,'  (adopt- 
ing a  similar  view  to  that  taken  by  Sir  Humphry  Davy,  of 
the  mere  observation  of  a  fact  by  Cavendish,  but  of  its  just 
interpretation  by  Watt),  says,  that  **  we  value  facts  because 
**  of  their  permanence  and  immutability,  and  because  they 
"  supply  the  soil  for  ideas ;  but  a  fact  acquires  its  true  and 
^  fuU  value  only  through  the  idea  which  is  demloped  by  it, 
'*  Many  facts  were  not  in  the  possession  of  Stahl,  but  the  idea 
^  is  his  property.  Cavendish  and  Watt  both  discovered  the 
**  composition  of  water :  Cavendish  established  thefactSy  Watt  the 
**  idea.  Cavendish  says,  ^  From  inflammable  and  dephlogis- 
"  *  ticated  air  water  is  produced.'  Watt  says,  *  Water  consists  or 
"  *  is  com{X)sed  of  inflammable  and  dej)hlogisticated  air.'  Be- 
"  tween  these  forms  of  expression  there  is  a  wide  difference." 

Had  Mr.  Watt's  statement  as  to  the  date  of  his  conclusions 
ever  been  called  in  question,  or  had  he,  like  Mr.  Cavendish, 
left  no  precise  clironological  statement  at  all ; — ^liad  we  been 
now  forced  to  collect  from  other  quarters,  and  for  the  first 


*  'Edinburgh  Review'  for  January,  1848,  vol.  Izxxvii.,  i)p.  G7-137. 
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time,  the  facts  on  both  sides  of  a  disputed  question,  and  to 
decide  the  cause  according  to  the  preponderance  of  such 
secondary  evidence, — a  chief  consideration  might  have  been, 
tlie  peculiarities  of  character  and  disposition  of  the  two  prin- 
cipal parties.  Even  as  matters  now  stand,  with  a  priority  of 
publication  really  incontestable,  placed  on  record  in  the 
registers  of  the  most  learned  body  in  the  kingdom,  and  un- 
contradicted during  the  lives  of  any  of  the  parties, — ^while  it 
is  by  no  means  our  wish  to  lessen  the  high  reputation  which 
Mr.  Cavendish  maintained,  (however  much  that  may  have 
been  exaggerated  by  the  indiscriminate  eulogy  of  others), — 
we  may  be  forgiven  if  we  dwell  with  pride  on  some  charac- 
teristics of  Mr.  Watt,  in  which  he  was  surpassed  by  no  man, 
and  could  certainly  have  been  equalled  by  few ;  which  are 
not  without  a  very  important  and  obvious  bearing  on  a  ques- 
tion like  the  present. 

The  Earl  of  Liverpool,  when  Prime  Minister  of  England, 
after  publicly  declaring  that  on  his  personal  knowledge  he 
could  aver,  that  a  more  amiable  and  excellent  man  in  all  the 
relations  of  life  never  existed,  amply  enlarged  on  the  sim- 
plicity of  his  character,  the  absence  in  him  of  every  thing 
like  presumption  and  ostentation,  and  his  unwillingness  to 
obtrude  himself  not  only  upon  the  great  and  powerful,  but 
even  on  those  branches  of  the  scientific  world  to  which  he 
more  immediately  belonged.*  An  orator  and  statesman  still 
more  distinguished,  after  mentioning  that  he  had  the  happi- 
ness of  knowing  Mr.  Watt  for  many  years,  in  the  intercourse 
of  private  life,  said  that  those  who  were  admitted  to  his 
society  would  readily  allow,  that  any  thing  more  pure,  more 
candid,  more  simple,  more  scrupulously  loving  of  justice,  than 
the  whole  habits  of  his  life  and  conversation  proved  him  to 
be,  was  never  known : — "  There  was  one  quality,  which  most 
"  honourably  distinguished  him  from  too  many  inventors,  and 
"  was  worthy  of  all  imitation, — he  was  not  only  entirely  free 
"  from  jealousy,  but  he  exercised  a  careful  and  scrupulous 
"  self-denial,  and  was  anxious  not  to  appear,  even  by  acci- 

♦  Speeches  at  Freemasong'  Hall.  18th  June,  1824.    Transktion  of  Arngo's 
•  Eloge.'  p.  189. 
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"  dent,  as  appropriating  to  himself  that  which  ho  thought 
"  belonged  to  others.  *  *  The  only  jealousy  I  have  known 
him  to  betray,  was  with  respect  to  others ;  in  the  nice  ad- 
justment he  was  fond  of  giving  to  the  claims  of  inventors. 
"  Justly  prizing  scientific  discovery  above  all  other  posses- 
"  sions,  he  deemed  the  title  to  it  so  sacred,  that  you  might 
"  hear  him  arguing  by  the  hour  to  settle  disputed  rights ; 
"  and  if  you  ever  perceived  his  temper  ruffled,  it  was  when 
"  one  man's  invention  was  claimed  by,  or  given  to  another ; 
"  or  when  a  clumsy  adulation  pressed  upon  himself  that  which 
"  he  knew  to  be  not  his  own."  * 

It  is  no  derogation  from  his  excellence,  that  he  was  at  the 
same  time  not  unconscious  of  "  just  pride,  founded  on  great 
"  talents  and  great  services ;  that  pride,  which  the  most  ex- 
"  alted  and  most  worthy  can  justly  indulge."  t  But  his  exem- 
plary mind  borrowed  an  additional  grace  from  his  habitual 
restraint  of  all  such  emotions ;  and  we  shall  never  forget  the 
noble  animation  with  which  one  of  our  most  gifted  and  vene- 
rable Poets,  t  after  having  pointedly  censured  the  unhappy 
passion  for  notoriety  by  which  he  conceived  that  some  scien- 
tific men  of  the  present  day  were  too  much  actuated,  fervently 
exclaimed, — "It  was  not  so,  that  Newton  made  his  disco- 
"  veries,  the  grandest  ever  known ;  nor  that  Watt  made  his, 
"  the  most  beneficial  to  mankind : — I  look  upon  him,  con- 
"  sidering  both  the  magnitude  and  the  universality  of  his 
genius,  as  perhaps  the  most  extraordinary  man  that  this 
country  ever  produced ;  he  never  sought  display,  but  was 
"  content  to  work  in  that  quietness  and  humility,  both  of 
"  spirit  and  of  outward  circumstances,  in  which  alone  all  that 
"  is  trury  great  and  good  was  ever  done." 

Such  is  his  enviable  reputation  as  a  man  ; — such  his  fame 
as  a  philosopher.  And  it  is  interesting  in  a  high  degree  to 
remark,  that  for  him,  who  had  so  fully  subdued  to  the  use  of 
man  the  gigantic  power  of  Steam,  it  was  also  reserved  to 


it 


^    *  Lord  Brougham's  Speech,  printed     mons,  23rd  January,  1846. 

with  theTranslationof  Arago's  *£loge,*         X  Mr.  Wordsworth,  in  September, 
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t  Sir  B.  Peel,  in  the  House  of  Ck>m- 


382  LIFE  OP  WATT.  Chap.  XXH. 

unfold  its  compound  nature  and  elemental  principles :  as  if 
on  tliis  subject  there  were  to  be  nothing  which  his  researches  did 
not  touch, — nothing  which  they  touched  tJuxt  they  did  not  adorn. 
That  to  his  thoughtful  sagacity  is  due  the  glory  of  having 
first  made  that  remarkable  step  in  the  progress  of  science, 
cannot  admit  of  a  reasonable  doubt  Had  Mr.  Watt's  dis- 
covery of  the  theory  of  the  composition  of  water  been,  like 
very  many  of  his  inventions,  directly  available  for  the  in- 
crease of  his  own  wealth,  and,  as  such,  protected  by  a  patent, 
most  certainly  no  case  has  been  made  out,  on  the  part  of  Mr. 
Cavendish,  of  such  public  use,  or  prior  invention,  as  could 
have  invalidated  that  patent  But,  is  honour  to  be  meted 
out  with  a  less  liberal  hand,  or  guarded  with  less  jealous  care, 
than  those  pecuniary  rewards,  which  the  true  philosopher 
does  not  covet,  and  which  few  men  would  with  equal  ardour 
desire?  Are  learned  Societies,  or  the  individual  followers 
and  friends  of  Science,  to  be  guided  by  less  exact  principles 
of  justice,  in  their  award  of  praise  to  a  first  inventor,  than 
those  impartial  Tribunals  where,  in  similar  cases,  but  with 
other  interests  at  stake,  the  great  improver  of  the  steam- 
engine  found  liis  rights  vindicated,  and  his  inventions  sacredly 
protected,  by  the  strong  arm  of  the  law  ? 

"  Vilius  argentum  est  auro,  virtutibus  aunim. 
"  O  civcs,  cives  1  quasrenda  pecunia  primum  est, 
"  Virtus  post  numinos?"* 

The  result  of  the  evidence  on  the  whole  case,  as  far  as  Mr. 
Watt's  priority  is  concerned,  we  shall  briefly  express  in  these 
propositions,  which  certainly  do  not  assume  more  than  we 
have  already  proved  ;  and  of  which  every  one  who  has  been 
accustomed  to  the  exactness  of  legal  inquiries  into  matters  of 
disputed  discovery,  will  acknowledge  the  force. 

First,  that  Mr.  Watt  formed  the  original  idea  in  his  own 
mind,  and  thus  was  A  discoverer  of  the  true  theory  of  the 
com{X)sition  of  water. 

Secondly,  that  being  a  discoverer,  he  was  also  the  first 
PUBLISHER  of  that  true  theory. 


•  Hor.  Epist.  I.  i.  52. 
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Thirdly,  that  being  both  a  discoverer,  and  also  the  first 
publisher,  he  must  therefore  be  held  to  be  "  the  true  and 

"  FIRST    INVENTOn   THEREOF."  * 

Thus,  in  tlie  course  of  the  controversy,  all  has  been  done 
that  seemed  essential  for  the  fame  of  Mr.  Watt,  or  that  was 
requisite  for  a  compliance  with  Ids  own  simple  and  memorable 
injunction,  delivered  nearly  seventy  years  agorf — "  Pre- 
"  serve  the  dignity  of  a  philosopher  and  historian ;  relate  the 
"  facts,  and  leave  posterity  to  judge."  And  the  history  of 
that  great  discovery,  after  having  received  the  most  full  eluci- 
dation and  discussion,  seems  to  have  now  left  no  just  or  rea- 
sonable doubt  that  Watt  preceded  Cavendish,  as  Cavendish 
preceded  Lavoisier.  Such  is  the  general  result  into  which 
the  controversy  on  the  subject  may  be  said  to  have  subsided ; 
as,  however  averse  the  admirers  of  Cavendish  naturally  felt^ 
at  first,  to  resign  any  portion  of  what  they  had  been  in  the 
habit  of  regarding  as  his  own  prescriptive  domains,  or  imeasy 
at  anything  that  seemed  to  question  his  independence  and 
good  faith  in  the  transaction  by  which  he  acquired  his  title 
to  their  temporary  enjoyment,  it  is  only  one  or  two  of  the 
most  hardy  or  litigious  of  their  number  who  now  venture  to 
> maintain  that  the  antiquity  of  his  possession  could,  by  any 
stretch  of  the  evidence,  be  held  to  exclude  the  prior  title  of 
Watt 

For,  on  the  present  occasion,  we  can  afibrd  to  exclude  fix)m 
the  list  of  those  judges  to  whom  Mr.  W^att's  appeal  was  made, 
all  of  those  learned  persons,  such  as  Maty,  Nicholson,  Thom- 
son, Murray,  Dalton,  and  others,  who  have  with  propriety 
been  referred  to  as  having,  during  the  life-time  of  both  Watt 
and  Cavendish,  or  of  one  of  them,  assigned  the  priority  to  the 
former.  But  when,  of  those  who  have  spoken  since  the  death 
of  both  claimants,  we  find  one  great  name  after  another, — 
Davy,  and  Henry,  and  Arago,  and  Brougham,  and  Dumas, 
and  Berzelius,  and  Brewster,  and  Jeffrey,  and  Liebig, 
— illustrious  umpires  of  more  than  European  fame,  devoted 


*  See  Goddon  on  Patents,  pp.  27-30.  "  that  has  found  out  something  new.'* 
The  term  "  Inventor "  is,  of  course,  t  To  Dr.  Darwin,  24  November, 
here  used  in  the  legal  sense,  of  "  one    1789. 
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to  various  pursuits,  scientific,  legal,  and  literary,  and  whose 
judgments  are  destined  to  an  enduring  celebrity, — all  deciding 
in  favour  of  the  priority  of  Watt  over  Cavendish ;  we  feel 
that  the  decision  to  which  The  First  Discoverer  looked  forward 
with  sure  and  tranquil  confidence,  has  at  length  emphatically 
been  pronounced  ;  that  in  the  even  hand  of  Justice  the  balance 
has  at  last  descended ;  that  Truth  is  great,  and  has  prevailed 
over  both  the  natural  prejudices  and  prepossessions  of  time, 
and  the  less  excusable  bigotry  of  partisanship.  And  as,  in 
the  wonderful  history  of  elemental  Nature,  by  Newton,  "  Qui 
"  genus  kumanum  ingenio  superavity'  first  was  developed  the 
magnificent  idea  of  the  Composition  of  Light,  so  it  may 
safely  be  recorded  that  to  Watt,  the  great  subjugator  of  the 
power  of  steam,  first  occurred,  and  by  him  was  first  set  forth, 
the  no  less  novel,  astonishing,  and  fruitful  idea  of  the  Com- 
position OF  Water. 

With  one  parting  admonition  we  conclude  all  that  it  appears 
needful  now  to  say  on  this  subject.  Dr.  Faraday,  unquestion- 
ably the  most  illustrious  living  representative  of  the  chemical 
science  of  Great  Britain,  while  he  laments  that  "in  the  pre- 
"  sent  day  there  is  no  lack  of  cases  amongst  philosophers  in 
"  which  men  poach  on  the  ground  preoccupied  by  others," 
expresses  his  hopes  that  "this  case,  as  it  now  stands  forth, 
"  will  be  a  warning  to  some ;  and  assist  in  reviving  and 
"  restoring  the  moral  and  honourable  feelings  of  those  who 
"  may,  by  circumstances,  come  hereafter  into  temptation."  • 
A  sentiment  in  which  all  true  lovers  of  science,  who  desire  to 
be  no  less  just  than  they  are  wise  and  learned,  will  cordially 
concur,  and  which  we  commend  to  the  attention  of  all  others 
whom  in  a  different  way  it  may  concern. 

It  may  somewhat  relieve  the  dullness  of  scientific  discus- 
sion, and  also  present  a  more  cheerful  view  of  human  nature 
than  some  other  parts  of  "  the  water  controversy  "  afibrd,  if 
we  offer  such  confirmation  as  our  present  researches  enable 
us  to  do,  of  the  late  Mr.  Jctmes  W^att's  assertion  that  his 


*  From  a  MS.  letter  of  Dr.  Fara-      kindly  authorized  in  this  manner  to 
day  to    the  Editor,  who  has  been     make  its  contents  public. 
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father,  "after  becoming  in  1785  a  Fellow  of  the  Koyal 
"  Society,  formed  the  personal  acquaintance  of  Mr.  Caven- 
"  dish,  and  lived  upon  good  terms  with  him."*  In  August 
of  that  year,  it  appears.  Cavendish  visited  Birmingham  and 
Soho,  where  he  spent  some  time  in  examining  the  engine 
establishment,  and  conversing  with  Mr.  Watt  upon  it : — and 
in  October  of  the  same  year,  Mr.  \V.  wrote -|-  as  follows: — 
"  When  I  was  in  London  I  was  received  very  kindly  by  Mr. 
"  Cavendish  and  Dr.  Blagden,  and  my  old  friend  Smeaton, 
<*  who  has  now  recovered  his  health,  and  seems  hearty.  I 
*'  dined  at  a  turtle  feast  with  them  and  the  select  club  of  the 
"  Royal  Society ;  and  never  was  turtle  eaten  with  greater 
"  sobriety  and  temperance,  or  more  good  fellowship.  I  dined 
"  also  at  Mr.  Cavendish's,  tvho  lives  very  elegantly,  and  gave 
"  us  a  good  English  dinner.  Among  other  company  we  had 
"  the  famous  Peter  Camper,  the  Anatomist,  once  Professor  at 
"  rranecker,J  a  fresh  gigantic  man  of  64,  that  never  had 
"  sickness  in  his  life  except  once.  He  is  to  come  here  before 
"  leaving  England."  § 

Notwithstanding  the  epithet  here  applied  by  the  guest, — a 
man  of  plain  habits  and  simple  tastes, — to  the  style  of  living 
practised  at  Cavendish's  house,  the  hospitalities  of  that  abode 
are  usually  admitted  to  have  been  neither  numerous  nor  pro- 
fuse. The  "good  English  dinner"  was  probably  the  eternal 
leg  of  muttony  which,  on  days  of  unwonted  festivity,  made  the 
cheer  at  that  table  of  hungry  science ;  but  which,  on  one 
extraordinary  occasion,  when  the  company  amounted  to  wi, 
was  known  to  have  been  multiplied  by  two,  and  thus  to  have 
formed  a  repast  of  legs  of  mutton, — like  rainbows, — primary 
and  secondary.  The  contrast  must  have  been  a  striking  one, 
between  the  nervous  and  shy  chemist,  "  uttering  a  shrill  cry 


•  *  Correspondence  of  Mr.  Watt  on 

*  his  Discovery  of  the  Composition  of 

*  Water/ p.  iv. 

t  To  Mrs,  Watt,  Birmingham,  Oc- 
tober 31st,  1785. 

X  In  Friesland.  Camper  was  bom 
in  1722,  and,  in  the  same  year  in 
which  he  met  Mr.  Watt,  was  elected 
a  memb€^  of  the  Academy  of  Sciences 


at  Paris.  He  died  in  1789;  and  is 
buried  in  St.  Peter's  Church,  Leyden. 
§  Which  he  accordingly  did :  as 
we  learn  from  a  letter  of  Mr.  Watt  to 
Mrs.  Watt,  dated  Birmingham,  No- 
vember 3,  1785—"!  had  a  visit  of 
"  Professor  Camper  yesterday :  he  is 
"  a  fine  old  fellow." 
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"  as  he  shuffled  quickly  from  room  to  room ;"  *  and  the 
thoughtful  but  active  and  animated  engineer,  with  "voice 
"  deep  and  low,  in  harmony  with  the  weight  and  beauty  of 
"  his  discourse ;  mirthful,  temperately  jocular,"-|-  and  with  a 
manner  marked,  beyond  that  of  all  others,  by  "  a  fine  expres- 
"  sion  of  reposing  strength  and  uninterrupted  self-possession."  J 
We  had  formerly  regretted,  that  neither  Mr.  Watt,  nor,  so 
far  as  we  then  knew,  any  one  else,  had  left  any  record  of  IVIr. 
Cavendish's  "  flow  of  soul "  on  the  evening  in  question  ;  but 
we  have  since  discovered,  in  a  pocket-book  for  1785,  under 
date  of  21st  October,  in  Mr.  Watt's  hand-writing,  this  entry  ; 
— "  Dined  at  Air.  Cavendish's,  topic  Hugenian  telescope."  It 
may,  however,  be  conjectured  that  at  that  interesting  party 
the  subject  of  the  composition  of  water  was  not  broached ; 
and  that  the  "  best  of  elements"  was  discussed  only  in  unde- 
compounded  and  corporeal  form,  befitting  the  sobriety  of  a 
board  over  which  Bacchus  is  understood  not  to  have  presided 
as  the  tutelary  deity. 

In  point  of  convivial  enjoyment,  the  other  dinner  men- 
tioned in  Mr.  Watt's  letter  would  appear,  from  his  expres- 
sions, considerably  to  have  excelled  the  entertainment 
supplied  at  Cavendish's  eremitical  abode.  And  we  are  not 
without  other  means  of  estimating  the  amount  of  good  fellow- 
ship which  habitually  prevailed  at  those  "noctes  coenfeque 
"  Dedm "  of  the  club  of  the  Royal  Society.  That  distin- 
guished  mineralogist,  M.  Faujas  de  St.  Fond,  has  devoted 
some  pages  of  his  *  Travels  in  Great  Britain'  to  recording  the 
scene  he  witnessed,  and  the  impression  it  made  upon  him, 
when  a  few  years  later  he  partook  of  a  like  hospitality ;  and 
as,  on  the  occasion  of  wliich  he  speaks.  Sir  Joseph  Banks  was 
President,  Blagden  Secretary,  and  Cavendish  one  of  the  party, 
and  all  of  those  three  are  among  the  persons  of  what  we  may 
term  the  drama  of  the  disc<overy  of  the  composition  of  water, 
we  perhaps  need  not  apologise  for  introducing  some  notice  of 


*  Lord  Brougham,  *  Life  of  Cavcn-     p.  389. 
•  dish,'  p.  44G.  t  Lord    Jeftey,     •  Character     of 

t  Lord  Brougham,  •  Life  of  Watt,'      •  Watt,'  infra. 


Chap.  XXII.  ROYAL  SOCIETY  DINNER.  387 

that  feast  of  scientific  reason,  which  M.  de  St.  Fond  has 
minutely,  and  with  evident  relish,  thus  described. 

At  this  "  dinner  of  an  academic  club,"  which  conmienced 
at  five  o'clock,  he  says,  "  the  dishes  were  of  the  solid  kind, 
"  such  as  roast  beef,  boiled  beef,  and  mutton  prepared  in 
"  various  manners, — with  abundance  of  potatoes  and  other 
"  vegetables,  which  each  person  seasoned  as  he  pleased  with 
"  the  different  sauces  which  were  placed  upon   the  table. 
"  The  beef-steaks  and  the  roast  beef  were  at  first  suflSciently 
"  drenched  by  large  quantities  of  strong  beer^  called  porter :  it 
"  was  drank  out  of  cylindrical  pewter  pots,  which  are,  by  some, 
"  thought  preferable  to  glasses,  perhaps  because  they  enable  one 
"  to  swallow  a  whole  pint  at  a  draught.     This  prelude  being 
"  finished,"  there  appeared,  "  as  if  by  magic,  a  number  of  fine 
"  crystal  decanters  filled  with  the  best  port,  madeira,  and 
"  claret.*'     "  Several  glasses  were  distributed  to  each  person, 
"  and  the  libations  commenced  on  a  grand  scale,  in  the  midst  of 
"  diflerent  kinds  of  cJieeses,  which,  rolling  in  mahogany  cases 
^^  from  one  end  of  the  table  to  the  other,  provoked  the  thirst  of 
"  the  drinkers.^'    "  Tlie  members  of  the  club  afterwards  saluted 
"  each  other,  one  by  one,  with  a  glass  of  wine.     According  to 
**  this  custom,  one  must  drink  as  many  times  as  there  are  guests^ 
"  for  it  would  be  tliought  a  want  of  politeness  in  England  to 
"  drink  to  the  health  of  more  persons  than  one  at  a  time." 
M.  de  St.  Fond  had  mentioned,  in   an   earlier  part  of  his 
account,  that  the  club  consisted  of  about  forty  members,  each 
of  whom  had  a  right  to  introduce  two,  and  the  president  a 
greater  number  of  friends.     He  does  not  mention  by  how 
many  the  guests,  and  consequently  the  glasses  of  wine  drank 
by  each  at  this  stage  of  tlie  entertainment,  fell  short  of  the 
hundred  and  twenty  to  which  that  compotatory  computation 
might  amount     But,  qualis  ah  incepto,  the  convivial  narrative 
proceeds : — "  A  few  bottles  of  champagne  soon  put  all  the  conv- 
**  pony  in  good  humour.     The  tea  came  next,  with  butter, 
"  marmalade,  and  all  its  usual  accompaniments :  coffee  fol- 
lowed, humbly  yielding  precedence  to  the  tea,  though  it  be 
the  better  of  the  two.    In  France,  we  commonly  drink  only 
**  one  cup  of  good  coffee  after  dinner ;  in  England,  they  drink 
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"  five  or  six  times  that  quantity,  of  the  most  detestable  kini 
"  Brandy,  rum,  and  some  other  strong  liquora,  closed  thh  philo- 
"  sopkic  banquet"  And  for  the  solid  repast  with  all  its  fluid 
accompaniments, — "  all  this  intolerable  deal  of  sack," — each 
of  the  guests  paid  "  seven  livres,  four  sols  French  money." 
With  justice  does  the  good  M.  Faujas  remark  "  This  was  not 
"  dear;"  and  he  sympathetically  adds  "  The  great  Comeille, 
"  Moli^re,  Despreaux,  La  Fontaine,  and  Bacine,  used  to  t€tke 
"  a  bottle  now  and  then  in  a  tavern ;  and  they  were  neither 
"  the  worse  friends,  nor  the  worse  poets,  for  it" 

Science,  indeed,  seems,  at  the  symposium  which  he  thus 
describes,  to  have  appeared  to  M.  de  St  J'ond  in  that  form, 
"  quae,  si  oculis  cerneretur,  mirabiles  amores,  ut  ait  Plato, 
"  excitaret  sapientiae!"*  And,  although  the  agavoir  vivre  of 
the  tavern  in  London  may  not  have  strictly  exemplified  the 
succident  doctrines  of  the  *  Almanach  des  Gourmands,'  or 
complied  with  all  the  gustatory  directions  of  the  *  Manuel 
*  des  Amphitryons,'  yet  so  highly  was  the  honest  Frenchman 
delighted  with  the  lively  but  decorous  gaiety  which  he  had 
witnessed,  as  to  have  imagined  that  a  similar  system  of  "  con- 
"  vivial  and  modest  banquets"  among  the  learned  men  of  his 
own  country  miglit  have  averted  some  of  the  worst  crimes  of 
its  regicidal  revolution ; — crimes,  which  the  exalted  but  hap- 
less names  of  Malesherbes,  Bailly,  Lavoisier,  and  Condorcet, 
recall  to  the  horror  and  grief  of  humanity.  "  In  France  they 
"  now  order  these  things  better ;"  and  all  who  have  enjoyed 
the  privilege  of  sharing  in  the  festive  entertainments  frequent 
among  the  men  of  letters  and  science  in  the  metropolis  of 
tliat  great  and  polished  nation,  can  bear  testimony  to  the 
simple  but  elegant  refinement,  the  warm-hearted  hospitality^ 
the  love  of  the  Muses  and  admiration  of  the  Graces,  by  which 
they  are  distinguished.  Let  us  indulge  the  hope,  that  the 
frequent  recurrence  of  scenes  so  congenial  to  the  wishes  of 
M.  Faujas,  may  ensure  all  those  happy  results  which  he  fan- 
cied,— (perhaps  not  very  unreasonably), — ^that  he  foresaw  in 
their  due  observance ! 


♦  Cic.  De  Off.  I.  cap.  v. 
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CHAPTER    XXIII. 

PROPOSED  UNIFORMITY  OF  WEIGHTS  AND  MEASURES  —  THE  LUNAR  SO- 
CIETY —  DR.  DARWIN  —  PRIESTLEY  —  RIOTS  AT  BIRMINGHAM  —  MR. 
watt's  journey  to  PARIS  AT  THE  REQUEST  OF  THE  FRENCH  GOVERN- 
MENT—  MACHINE  OF  MARLY  —  BLEACHING  BY  CHLORINE  —  INFRINGE- 
MENTS OF  STEAM-ENGINE  PATENTS  —  TRIALS  AT  LAW  —  PARTIES  TO 
THE  ACTIONS  —  ARGUMENTS  AGAINST  AND  FOR  THE  VALIDITY  OF  THE 
PATENT  OF  1769  —  NATURE  OF  THE  EVIDENCE  —  J.  BRAMAH  AND 
T.  TRED(K)LD  —  VERDICTS  IN  FAVOUR  OF  THE  PATENTEES  —  VALIDITY 
OF   THE   PATENT   OF    1769   CONCLUSIVELY   ESTABLISHED. 

Mr.  Watt's  chemical  studies  in  1783  having  led  him,  towards 
the  end  of  that  year,  to  make  some  calculations  from  experi- 
ments of  Lavoisier  and  De  La  Place,  and  to  compare  them 
with  others  made  by  Mr.  Kirwan,  lie  wrote  to  the  latter  gen- 
tleman,* "I  had  a  great  deal  of  trouble  in  reducing  the 
"  weights  and  measures  to  speak  the  same  language ;  and 
many  of  the  German  experiments  become  still  more  diffi- 
cult from  their  using  diflFerent  weights  and  diflTerent  divi- 
sions of  them  in  different  parts  of  that  empire.  It  is 
"  therefore  a  very  desirable  thing  to  have  these  difficulties 
"  removed,  and  to  get  all  philosophers  to  use  pounds  divided 
"  in  the  same  manner,  and  I  flatter  myself  that  may  be 
"  accomplished  if  you.  Dr.  Priestley,  and  a  few  of  the  French 
"  experimenters  will  agree  to  it ;  for  the  utility  is  so  evident, 
"  that  every  thinking  person  must  immediately  be  convinced 
"  of  it     My  proposal  is  briefly  this ;  let  the 

Philosophical  pound  consist  of  10  ounces,    or  10,000  grains, 
the  ounce         „         10  drachms,  or    1,000 
the  drachm      „       100  grains,     or       100 


It 
a 


"  Let  all  elastic  fluids  be  measured  bv  the  ounce  measure  of 
"  wat^r,  by  which  the  valuation  of  different  cubic  inches  will 


*  14th  November,  1783. 
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"  be  avoided,  and  the  common  decimal  tables  of  specific  gnv- 
"  vities  will  immediately  give  the  weights  of  those  elastic 
"fluids. 

"  If  all  philosophers  cannot  agree  on  one  poimd  or  one 
"  grain,  let  every  one  take  his  own  pound  or  his  own  grain  ; 
"  it  will  afiect  nothing  except  doses  of  medicines,  which  must 
"  be  corrected  as  is  now  done ;  but  as  it  would  be  much 
"  better  that  the  identical  pound  was  used  by  all,  I  would 
"  propose  that  the  Amsterdam  or  Paris  pound  be  assumed  as 
"  the  standard,  being  now  the  most  universal  in  Europe :  it 
"  is  to  our  avoirdupois  pound  as  109  is  to  100.  Our  avoir- 
"  dupois  pound  contains  7000  of  our  grains,  and  the  Paris 
"  pound  7030  of  our  grains,  but  it  contains  9376  Paris  grains, 
"  so  that  the  division  into  10,000  would  very  little  affect  tlie 
"  Paris  grain.  I  prefer  dividing  the  pound  afresh  to  begin- 
ning with  the  Paris  grain,  because  I  believe  the  pound  is 
very  general,  but  the  grain  local. 
Dr.  Priestley  has  agreed  to  this  proposal,  and  has  referred 
"  it  to  you  to  fix  upon  the  pound  if  you  otherwise  approve  of 
it.  I  shall  be  happy  to  have  your  opinion  of  it  as  soon  as 
"  convenient,  and  to  concert  with  you  the  means  of  making 
"  it  universal.  *  ♦  ♦  I  have  some  hopes  that  the  foot 
"  may  be  fixed  by  the  pendidum  and  a  measure  of  water, 
**  and  a  pound  derived  from  that ;  but  in  the  interim  let  us 
"  at  least  assume  a  proper  division,  which  from  the  nature  of 
"  it  must  be  inteUigiblo  as  long  as  decimal  arithmetic  is  used." 
"  As  to  the  precise  foot  or  pound,"  he  afterwards  adds,  in 
writing  to  Mr.  Magellan,  "  I  do  not  look  upon  it  to  be  very 
"  material,  in  chemistry  at  least  Either  the  common  English 
"  foot  may  be  adopted  according  to  your  proposal,  which  has 
"  the  advantage  that  a  cubic  foot  is  exactly  1000  ounces, 
"  consequently  the  present  foot  and  ounce  would  be  retained ; 
"  or  a  }x>ndulum  which  vibrates  100  times  a  minute  may  bo 
"  adopted  for  the  standard,  which  would  make  the  foot  14*2 
"  of  our  present  inches,  and  the  cubic  foot  would  be  very 
"  exactly  a  bushel,  and  would  weigh  101  of  the  present 
pounds,  so  that  the  present  pound  would  not  be  much 
altered.     But  I  think  that  by  this  scheme  the  foot  would 
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"  be  too  large,  and  that  the  inconvenience  of  changing  all 
"  the  foot  measures  and  things  depending  on  them,  would  be 
"  much  greater  than  changing  all  the  pounds,  bushels,  gal- 
"  Ions,  &c.  I  therefore  give  the  preference  to  those  plans 
"  which  retain  the  foot  and  ounce."  Alas,  at  the  distance 
of  three-quarters  of  a  century  from  such  philosophical  and 
practical  proposals,  the  prospect  of  a  universal  system  of 
weights  and  measures  seems  almost  as  remote  as  that  of  a 
universal  language ! 

About  the  time  when  Mr.  Watt  presented  to  the  Royal 
Society  his  memorable  *  Thoughts  on  the  Constituent  Parts 
*  of  Water,'  the  neighbourhood  of  Birmingham  was  remarkable 
for  the  number  of  kindred  spirits,  all  devoted  to  the  pursuit 
of  natural  knowledge,  and  filled  with  mutual  esteem  and 
affection,  who  there  found  profitable  pleasure  in  each  other's 
society.  Besides  Mr.  Watt  and  Mr.  Boulton,  there  were 
among  that  numl^er  Dr.  Darwin,  Dr.  Withering,  Mr.  Keir, 
Mr.  Galton,  Mr.  Edgeworth,  and  Dr.  Priestley ; — all  of  them 
luminaries  not  unworthy  to  revolve  round  Watt  as  their  cen- 
tral sun,  but  also  shining  with  more  than  merely  reflected 
light.  Priestley,  who  came  to  reside  at  Birmingham  in  1780, 
and  has  repeatedly  acknowledged  the  happiness  he  expe- 
rienced in  living  near  Mr.  Watt,  has  thus  noticed  those 
montlily  repasts  of  wliich  his  jjliilosophical  friends  and  him- 
self partook  at  their  respective  houses  in  turn,  and  wliich 
became  well  known  as  the  meetings  of  the  Lunar  Society,  "  I 
consider  my  settlement  at  Birmingham  as  the  happiest 
event  in  my  life^  being  highly  favourable  to  every  object  I 
"  had  in  view,  pliilosophical  or  theological.  In  the  former 
"  respect  I  had  the  convenience  of  good  workmen  of  every 
"  kind,  and  the  society  of  persons  eminent  for  their  know- 
"  ledge  of  chemistry ;  particularly  Mr.  Watt,  Mr.  Keir,  and 
"  Dr.  W^ithering.  These,  with  Mr.  Boulton  and  Dr.  Darwin, 
"  who  soon  left  us  by  removing  from  Lichfield  to  Derby, 
"  Mr.  Galton,  and  afterwards  Mr.  Johnson  of  Kenilworth  and 
"  myself,  dined  together  every  month,  calling  ourselves  the 
"  Lunar  Society y  because  the  time  of  our  meeting  was  near 
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"  the  full-moon,"  ♦  "  in  order,"  as  he  elsewhere  says,  "  to 
"  have  the  benefit  of  its  light  in  returning  home."  From  an 
invitation  from  Mr.  Watt  to  Mr.  Wedgwood  to  attend  one  of 
the  dinners  of  the  Society,  we  learn  that  it  was  customary  for 
the  philosophic  convives  '*  to  dine  at  two  o*clock,  and  not  to 
"  part  till  eiglit  in  the  evening." 

Mr.  Watt,  in  writing  to  Dr.  Darwin  to  remind  him  of  his 
engagement  to  attend  another  of  those  friendly  meetings,  at 
once  social  and  scientific,  gives  a  lively  bill  of  fare  of  the 
subjects  proposed  for  the  consideration  of  the  party ; — some 
expressions  used  in  which,  viz.,  "it  is  to  be  determined 
"  whether  or  not  heat  is  a  compoimd  of  phlogiston  and  em- 
"  pyreal  air,"  "  what  light  is  made  of,  and  also  how  to  make 
"  it,"  -|-  as  well  as  the  still  more  curious  ones  of  Darwin's 
reply,  "  I  can  tell  you  some  secrets  in  return  for  yours,  viz., 
"  that  atmospheric  gas  is  composed  of  light  and  the  earth  of 
"  water  (aqueous  earth), — that  water  is  composed  of  aqueous 
"  gas,  which  is  displaced  from  its  earth  hy  oil  of  vitriol^''  \ — 
may  be  held  to  liave  foreshadowed,  with  more  or  less  dis- 
tinctness, those  researches  whieli  ended  in  the  discovery  of 
"  what  water  is  made  of,"  and  also,  as  the  discoverer  quaintly 
expresses  it,  "how  to  make  it"§  Thus  to  Darwin,  the 
general  design  of  whose  somewliat  fantastic  but  often  elegant 
poetry  was,  as  he  informs  us,  "  to  enlist  Imagination  under 
"  the  banners  of  S<iiencc,"  may  now  be  assigned  some  of  tlie 
credit  of  having  been  a  pioneer  in  the  march  towards  that 
great  discovery  : — a  merit,  however,  whicli  he  never  claimed 
for  himself,  both  he  and  Mr.  Watt  having  apparently  given, 
at  the  time,  no  more  tlian  a  passing  attention  to  the  shot 
thus  fired,  probably  at  random,  but  with  a  curious  approxima- 
tion to  the  mark  which  was  afterwards  effectuallv  hit.  For 
the  speculation, — whether  we  call  it  imagination  or  science, — 


•  ♦  Momoirn  of  Dr.   Priestley,  by  \  Dr.  Darwin  to  Mr.  Watt,  Jan.  6, 

« himself;'  n.  i»7.     1806.  1781  ;     •  Mechanical    InvenUous    of 

t  Mr.  Wiitt   tt>   Dr.   Darwin,   Bir-  *  Watt,*  vol.  ii.  p.  124. 

minghara,  January  3rd,  1781 ;  •  Me-  §  :Mr.  Watt  to  Mr.  Fry  of  Bristol, 

•  chanical   Inventions  of  Watt,'  vol.  p.  329,  %u^a, 
ii.  p.  123. 
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that  water  was  a  composite  body  at  all ; — ^that  it  was,  in  any 
way,  composed  of  a  "  gas ;" — which  gas  was  "  aqueous,  dis- 
"  placed  fix)m  its  earth  by  oil  of  vitriol,"  (a  wonderfully  fair 
description  of  the  hydrogen  of  later  days),  was,  no  doubt,  a 
"secret"  worth  communicating,  even  though  nothing  was 
said  either  of  another  gas,  or  of  explosion  by  an  electric 
spark.  It  is  indeed  difficult  to  judge  how  far  it  may  not 
have  been  one  of  those  early  seeds  of  the  great  discovery, 
which,  afterwards  germinating  in  the  sagacious  mind  of  Mr. 
Watt,  bore  their  first-fruits  in  his  celebrated  conclusions  com- 
municated to  Dr.  Priestley  and  the  Royal  Society  in  1783 ; 
and  which  were  afterwards  followed  by  the  second  and  third 
harvests  which  Cavendish  and  Lavoisier  respectively  reaped, — 
or  gleaned. 

That  Darwin  never  dreamt  of  claiming  for  himself,  on  the 
strength  of  such  expressions,  any  share  of  the  credit  of  the 
real  discovery  as  to  the  compound  nature  of  water,  and  its 
true  constituents,  appears  from  his  poem,  *  The  Botanic 
*  Garden ;'  where,  after  describing  the  process  of  the  forma- 
tion of  that  fluid, — 

"  Nymphs !   your  bright  squadrons  watch  with  chemic  eyes 

**  The  cold  elastic  vajwurs  as  they  rise ; 

"  With  playful  force  arrest  them  as  they  jmss, 

"  Aud  to  PURE  AIR  betroth  the  flaming  gas  f' — 

he  only  says, — "  Until  very  lately,  water  was  esteemed  a 
"  simple  element,  nor  are  all  the  most  celebrated  chemists  of 
"  Europe  yet  converts  to  the  new  opinion  of  its  decomposi- 
"  tion.  M.  Lavoisier  and  others  of  tlie  French  school  have 
"  most  ingeniously  endeavoured  to  show  that  water  consists  of 
"  pure  air,  called  by  them  oxygen,  and  of  inflammable  air, 
"  called  hydrogen,  with  as  much  of  the  matter  of  heat,  or 
"  calorique,  as  is  necessary  to  preserve  them  in  the  form  of 
"  gas ;"  and  he  mentions  that  "  The  history  of  the  progress 
"  of  this  great  discovery  is  detailed  in  the  Memoirs  of  the 
"  Royal  Academy  [of  Sciences]  for  1781,  and  the  experi- 
"  mental  proofs  of  it  are  delivered  in  Lavoisier's  '  Elements  of 
"  '  Chemistry.'  The  results  of  which  are  that  water  consists 
"  of  eighty-five  parts,  by  weight,  of  oxygen,  and  fifteen  parts, 
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by  weight,  of  hydrogen,  with  a  sofBcient  quantity  of  calo- 
rique."  *  And  again  in  a  subsequent  note,  where,  speaking 
of  "the  present  important  discovery  of  the  production  of 
"  water  irom  pure  air,  or  oxygen,  and  inflammable  air,  or 
"  hydrogen,"  he  says  that  one  might  be  tempted  to  believe, 
from  allegorical  interpretations  of  the  old  mythology,  "  that 
"  the  very  ancient  chemists  of  Egypt  had  discovered  the 
"  composition  of  water,  and  represented  it  in  their  hiero- 
"  glyphic  figures  before  the  invention  of  letters."  f  The  sub- 
ject is  also  referred  to  in  another  of  Dr.  Darwin's  works,  viz., 
his  *  Phytologia  ;*  where  he  says,  "  According  to  the  theory 
"  of  jVL  Lavoisier  concerning  the  composition  and  decomposi- 
"  tion  of  water,  there  would  seem  another  source  of  thunder- 
"  showers ;  and  that  is,  that  the  two  gases  termed  oxygen  gas 
"  or  vital  air,  and  liydrogen  gas  or  inflammable  air,  may  exist 
"  in  the  summer  atmosphere  in  a  state  of  mixture,  but  not  of 
"  combination ;  and  that  the  electric  spark,  or  flash  of  light- 
"  ning,  may  combine  them,  and  produce  water  instanta- 
"  neously."  J  But  nowhere  does  the  highly  imaginative  and 
well-informed  Doctor  appear  to  have  sought  to  associate  his 
own  name  with  the  discovery  on  which  he  bestows  such 
deserved  admiration;  and,  indeed,  the  "composition"  of 
wliich  lie  writes,  whatever  may  have  been  the  force  or  the 
weakness  of  the  impression  which  the  idea  of  it  had  made  on 
his  mind,  must  be  viewed  as  rather  a  transmigration  from  one 
substance  into  another,  than  as  a  compounding  of  two  sub- 
stances into  one.  Still,  the  "  secret "  he  announces  will  be 
considered  as  no  uninteresting  addition  to  the  literature  of 
the  late  "  water  controversy ;"  vale^U  quantum  valere  potest. 

The  Lunar  Society  lost  one  of  its  most  active  and  valued 
members  by  the  disgraceful  riots  which  in  1791  had  the  effect 
of  driving  Priestley  from  his  home ;  when  his  house,  library, 
chemical  apparatus,  and  furniture  were  destroyed  by  tlie 
cowardly  violence  of  the  rabble.     On  tliat  occasion  the  extra- 


*  *  Botanic  CTiirden,*  part  i.  canto  t  *  Phytologia,  or  the  Pliilofiophy 

iii.  1.  200-204 ;   and  note,  vol.  i.  p.  •  of  Agriculture  aiul   Gardening,*  p, 

152.  <'d.  1709.  313,  cJ.  1800. 
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ordinary  spectacle  was  presented,  of  an  ignorant  and  bnital 
mob  in  England  arming  themselves  against  the  partisans 
of  democratic  lawlessness  in  France.      "  The  affair  origi- 
**  nated/'  wrote  Mr.  Watt  to  his  friend  M.  De  Luc,*  "  from 
some  gentlemen  very  foolishly  celebrating  the  French  reve- 
lation by  a  dinner  on  the  14th.     They  were  warned  that 
^  some  tumult  might  ensue,  and  advised  against  it ;   how- 
•*  ever,  some  of  them  met,  were  insulted  as  they  went  in, 
**  and,   therefore,   dispersed  by  five   o'clock.     About  eight 
**  o'clock  a  mob  assembled,  broke  the  windows  of  the  hotel 
**  where  the  company  met,  pulled  down  two  dissenting  mcet- 
**  iug-houses,  tlien  Dr.  Priestley's  house,  which  they  razed  to 
"  the  ground,  (he  and  family  made  their  escape  in  time) ; 
"  they  then  destroyed  a  very  good  house  in  town,  and  from 
•*  that  proceeded  to  destroy  some  others  in  town,  and  some 
**  of  the  best  houses  in  the  country,  mostly  belonging  to  dis- 
"  senters,  they  say  to  the  number  of  ten  or  fifteen,  and  to  the 
"  amount  of  above  100,000Z.    Then  was  the  sovereignty  of 
**  the  people  established  in  full  authority  for  three  days  and 
"  nights !    Quiet  subjects  were  panic-struck ;  and,  after  some 
**  feeble  efforts  to  establish  peace,  jxjople  submitted  quietly 
"  to  their  fate.     We,  on  our  part,  finding  there  was  no  like- 
"  lihood  of  any  other  protection,   applied   to  our  workmen, 
**  convinced  them  of  the  criminality  as  well  as  imprudence 
^  of  joining  the  mob,  and  kept  them  all  at  home,  procured 
"  some  arms,  and  had  their  promise  of  defending  us  and 
"  themselves  against  all  invaders. 

"  Though  our  princi})les,  which  are  well  known,  as  friends 
"  to  the  establislied  government,  and  enemies  to  republican 
"  principles,  should  liave  been  our  protection  from  a  mob 
"  whose  watcliword  was  Church  and  King,  yet  our  safety  was 
"  principally  owing  to  most  of  the  dissenters  living  on  the 
**  south  of  the  town  ;  for  after  the  first  moments  they  did  not 
"  seem  over  nice  in  their  discriminations  of  religion  or  prin- 
"  ciples.  I,  among  others,  was  i)ointed  out  as  a  Presbyterian, 
"  though  I  never  was  in  a  meeting-house  in  Birmingham,  and 
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"  Mr.  B.  is  well  known  as  a  Churchman.  We  had  everything 
"  most  portable  packed  up,  fearing  the  worst ;  however,  all  is 
"  well  with  us.  It  must  be  observed  to  their  credit,  that  they 
"  neither  killed  nor  maltreated  any  of  the  sufferers,  except 

such  as  opposed  them  by  violence,  among  whom  they  dealt 

some  civil  knocks  by  bludgeons.  Some  military  arrived  on 
"  Sunday  night,  since  which  there  has  been  no  rioting  in  the 
"  town,  and  we  hope  they  are  dispersed." 

Even  three  months  later,  when  Dr.  Priestley  proposed  pay- 
ing a  short  visit  to  Birmingham  for  the  purpose  of  taking 
leave  of  his  friends  and  congregation  there,  Mr.  Watt  thought 
it  necessary  stiU  to  write  to  him  recommending  caution  and 
delay.  Afterwards,  when  the  Doctor  had  removed,  first  to 
Clapton,  and  then  to  Northumberland  in  America,  his  friends 
"  contributed,"  as  he  said,  "  to  set  up  a  broken  philosopher  " 
in  his  state  of  exile ;  and  among  the  useful  articles  which  in 
his  new  laboratory  recalled  the  pleasant  memories  of  Soho, 
were  a  digester,  a  chemical  lamp,  a  number  of  duplicates  from 
Mr.  Boulton's  collection  of  minerals,  and  what  the  worthy  and 
venerable  philosopher  calls  "  the  noble  present  of  a  furnace, 
"  and  other  apparatus  for  making  large  quantities  of  air ;" 
which  he  found  "  invaluable,"  and  much  more  convenient 
than  anything  he  had  ever  i^ossessed  before. 

As  for  the  Lunar  Society,  we  believe  that  it  continued  to 
exist  at  the  beginning  of  the  present  century ;  but  the  last 
particular  notice  we  have  been  able  to  find  of  that  amicable 
association  occurs  in  a  dedication  by  Priestley,  in  1793,  (which 
was  two  years  after  liis  retirement  from  Birmingliam),  of  one 
of  his  works,*  to  his  "  valued  friends,  the  members  of  the 
"  Lunar  Society  at  Biri^ingham  ;"  in  which  he  says,  **  There 
"  are  few  tilings  that  I  more  regret,  in  consequence  of  my 

removal  from  Birmingham,  than  the  loss  of  your  society. 

It  both  encouraged  and  enlightened  me ;  so  that  what  I  did 
"  there  of  a  philosophical  kind  ought  in  justice  to  be  attri- 
"  buted  almost  as  much  to  you  as  to  myself.  From  our 
"  cheerful  meetings  I  never  absented  myself  voluntarily,  and 


*  *  Experiments  on  the  Generation  of  Air  from  Water/  London,  1793. 
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•*  from  my  pleasing  recollection  they  will  never  be  absent. 
•*  Should  the  cause  of  our  separation  make  it  necessary  for 
•*  me  to  remove  to  a  still  greater  distance  from  you,  I  shall 
**  only  think  the  more,  and  with  the  more  regret,  of  our  past 
**  interviews."  *  "  Philosophy,"  he  adds,  "  engrossed  us  wholly. 
**  Politicians  may  think  there  are  no  objects  of  any  conse- 
quence besides  those  which  immediately  interest  them.  But 
objects  far  superior  to  any  of  wliicli  they  have  an  idea  en- 
gaged our  attention,  and  the  discussion  of  them  was  accom- 
panied with  a  satisfaction  to  which  they  are  strangers. 
Happy  would  it  be  for  the  world  if  their  pursuits  were  as 
tranquil,  and  their  projects  as  innocent,  and  as  friendly  to 
"  the  best  interests  of  mankind,  as  ours."  Finally,  he  con- 
cludes by  earnestly  committing  them  all,  though  in  religious 
persuasion  differing  from  himself,  "  to  the  protection  and 
•*  blessing  of  that  Great  Being,  whose  we  are,  and  whom,  I 
"  trust,"  he  says,  "  we  all  serve ;  and  who  established  that 
"  course  of  nature  which  is  the  object  of  our  common  investi- 
"  gation  ;"  and  then  he  prays,  "  with  the  greatest  esteem  and 
*'  affection,"  for  a  happy  reunion  with  them  all  in  another 
state  of  being. 

Would  to  God  tliat  the  fervent  pursuit  of  science  had  in  all 
cases  the  effect  of  producing  a  temper  of  mind  equally  calm, 
equally  devout,  and  therefore  equally  happy ! 

In  1786,  ]\Ir.  Watt  and  Mr.  Boulton  proceeded  to  Paris,  on 
tJie  invitation  of  the  French  Government,  to  meet  proposals 
for  their  erecting  steam-engines  in  that  country  under  an 
exclusive  privilege.  In  particular,  they  were  to  suggest  im- 
provements on  the  great  hydraulic  machine  of  Marly ;  that 
gigantic  specimen  of  a  race  of  mechanical  megalosaurians, 
now  nearly  extinct,  of  which  Belidor  has  given  a  striking 
description,  but  which  he  introduces  by  the  eulogy, — a  very 
questionable  one,  as  most  of  our  readers  know,  where  ma- 
chinery is  concerned, — "  il  ne  paroit  pas  que  Ton  ait  jamais 


*  For  another  friendly  but  brief  and  Watt,  17  October.  1801,  'Me- 
allnsion  to  the  same  Society,  see  *chanical  Inventions  of  Watt,*  vol. 
Priestley's  letter  to  Messrs.  Boulton     ii.  p.  277. 
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"  ex^cut^  de  machine  qui  ait  fait  autant  de  bruit  dans  le 
"  monde  que  celle  de  Marly."  * 

The  Machine  of  Marly  was  erected  at  the  village  of  that 
name  upon  the  Seine,  by  Eennequin  of  Liege,  for  Louis  XIV. 
in  1682,  to  raise  water  for  the  town  and  water-works  of  Ver- 
sailles. This  was  effected  by  means  of  fourteen  laige  water- 
wheels,  and  a  series  of  pumps,  pipes,  cranks,  and  rods,  re- 
markable for  their  complexity  and  the  noise  they  made  in 
working.  The  improvements  suggested  on  this  machine 
were  not  carried  into  effect ;  in  consequence  of  financial  difii- 
culties,  and  tlie  dismissal  of  the  ministry.  Since  then,  a 
steam-engine  has  been  erected  by  the  French  to  do  part  of 
the  work  ;  and  two  of  the  wheels,  with  improved  apparatus, 
are  all  that  remain  of  this  cumbersome  machinery.  It  is 
amusing,  in  the  present  state  of  hydraulic  science,  to  read 
an  account  of  the  Machine  of  Marly,  such  as  is  given  in 
Desaguliers : — "  When  A^,"  says  that  writer,  "  that  comes  to 
"  take  a  view  of  the  en^ne  at  Marly,  sees  it  cover  a  mile  of 
"  ffrmind  in  length,  and  the  breadth  greater  than  that  of  the 
"  whole  river  Seine, — lie  cannot  but  look  upon  it  as  a  stupendous 
"  machine.  *  *  *  *  It  is  said  that  the  Machine  at  Marly 
"  coBt  above  eighty  millions  of  French  livres,  which  is  above  four 
"  millions  of  pounds  sterling.  Some  of  the  largest  of  our  fire- 
"  engines,  at  present  [1744]  in  use  in  England,  unU  raise  as 
"  much  water  to  the  same  height,  and  not  cost  above  ten  thousand 
" pounds'' t  The  Marquis  de  Custine  calls  that  ancient  ma- 
chine the  same  thing  in  mechanics,  as  of  old  the  Inquisi- 
tion in  Spain  was  in  politics ;  {  "  the  venerable  machine  of 
"  Marly,"  says  Mr.  Watt,  "  they  now  consider  as  much  the 
"  disgrace  as  it  once  was  [considered  to  be]  the  honour  of  the 
"  nation ;"  and  therein,  also,  let  us  hope  that  De  Custine's 
parallel  may  now  hold  good. 

This  journey  was  not  undertaken  without  proper  precau- 
tions being  used  to  prevent  it  being  supposed  that   the 


♦  Deaaguliers,  Annoi  upon  Lee-         f  Ibid, 
ture  XII.  of  hia  *  Course  of  Ezpcri-         %  'L'Espagne  sousFeidioandyiL* 
•  mental  Philosophy.*  Tom.  ii.  p.  67,  ed.  1838. 
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mannfactuFers  of  the  new  steam-engines  were  desirous  of  push- 
ing their  own  interests  in  any  way  that  might  prove  prejudicial 
to  their  country ;  "  I  think,"  Mr.  Watt  wrote  to  Mr.  Boulton, 
*•  if  either  of  us  go  to  France,  we  should  first  wait  upon  Mr. 
**  Pitt,  and  let  him  know  our  errand  thither,  that  the  tongue 
**  of  slander  may  be  silenced,  all  undue  suspicion  removed, 
**  and  ourselves  rendered  more  valuable  in  his  eyes,  because 
•*  others  desire  to  have  us ! "     The  principal  objects  of  their 
visit  were  frustrated  by  tlie   political  circumstances  of  the 
time ;  and  although  "  perfectly  sensible  of  the  honour  which 
**  might  be   acquired  by  such  a  job  as  Marly,"  Mr.  Watt 
was  also  fully  aware  that  it  would  be  attended  with  much 
labour  and  vexation,  and  he  felt  "  by  no  means  sure  of  the 
"  profit."|    But  the  English  engineers  had  a  very  agreeable 
journey ;  and   a  most  flattering  reception  in  Paris^  from  the 
ministry,  who  seemed  much  disposed  to  employ  them  in  the 
line  of  their  business,  as  engine-makers,  in  France.     They 
however  absolutely  refused   to  engage   in  any  such  manu- 
facture, as  contrary  to  the  interest  of  Great  Britain.     They 
had  also  the  satisfaction  of  making  the  acquaintance  of  most 
of  the  eminent  men  of  science  of  whom  the  great  capital  of 
France  had  then  'to  boast,  as  Lavoisier,  La  Place,  Monge, 
BerthoUet,  De  Prony,  Hassenfratz,  Fomcroy,  Delessert,  and 
others;  with  most  of  whom   they  aftenvards   maintained  a 
frequent  and  most  friendly  correspondence.     Mr.  Watt  gaily 
described  liimself  as  having  been  on  this  occasion  "drunk 
"  from  morning  till  night   with  Burgundy  and  undeser\'ed 
"  praise ;"  altliougli  greater  temperance  than  his  probably 
never  partook  of  the   entertainments  which  enlivened  tho 
scientific  morning  or  evening,  nor  were  the  panegyrics  of  tho 
great  ever  bestowed  upon  one  who  received  them  with  more 
perfect  modesty  and  self-distrust 

It  was  then  that  BerthoUet  communicated  to  Mr.  Watt  his 
discovery  of  the  new  method  of  bleaching,  by  means  of  what 
was  at  that  time  termed  the  dephlogisticated  acid  of  sea-salt ; 
and  exhibited  the  process  in  the  presence  of  a  number  of 
spectators,  among  whom  were  Mr.  Watt  and  Mr.  Boulton.  On 
their  return  to  England,  those  gentlemen  mentioned  to  Mr. 
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Pitt  that  M.  Berthollet  was  in  possession  of  such  a  process,  in 
the  view  of  obtaining  for  him  a  parliamentary  reward,  or  ex- 
clusive privilege  in  Great  Britain : — an  object,  however,  which 
proved  to  be  so  difficult  of  attainment,  that  M.  Berthollet 
subsequently  renounced  any  lucrative  views  connected  with 
liis  discovery,  in  this  country.  He  then  gave  permission  to 
Mr.  Watt  to  communicate  it  to  his  father-in-law,  Mr.  Ma(^- 
gregor,  who  was  enabled  to  employ  it  in  his  trade,  along  with 
several  new  improvements  of  Mr.  Watt's  invention,  the  results 
of  a  long  series  of  experiments.  "  In  relation  to  the  in- 
"  ventor,"  says  Mr.  Watt,*  "  he  is  a  man  of  science,  a  member 
"  of  the  Academy  of  Sciences  at  Paris,  and  a  physician,  not 
"  very  rich,  a  very  modest  and  worthy  man,  and  an  excellent 
"  chemist.  My  sole  motives  in  meddling  with  it  were,  to 
"  procure  such  reward  as  I  could  to  a  man  of  merit  who  had 
"  made  an  extensively  useful  discovery  in  the  arts,  and 
"  secondly,  I  had  an  immediate  view  to  your  interest ;  as  to 
"  myself,  I  had  no  lucrative  views  whatsoever,  it  being  a 
"  thing  out  of  my  way,  which  both  my  business  and  my  he^th 
"  prevented  me  from  pursuing  further  than  it  might  serve  for 
"  amusement  when  unfit  for  more  serious  business.  Lately, 
"  by  a  letter  from  the  inventor,  he  informs  me  that  he  gives 
"  up  all  intentions  of  pursuing  it  with  lucrative  views,  as  he 
"  says  he  will  not  compromise  his  quiet  and  happiness  by 
"  engaging  in  basincss ;  in  which,  perhaps,  he  is  right :  but 
"  if  the  discovery  has  real  merit,  as  I  apprehend,  he  is  cer- 
"  tainly  entitled  to  a  generous  reward,  which  I  would  wish, 
"  for  the  honour  of  Britain,  to  procure  for  him  ;  but  I  much 
"  fear,  in  the  way  you  state  it,  that  nothing  could  be  got 
"  worth  his  acceptance."  The  process  was  also  practised  on 
a  large  scale,  (in  consequence  of  similar  information  commu- 
nicated to  them  by  the  original  inventor),  by  Messrs.  Henry, 
and  Messrs.  Baker  and  Co.,  of  Manchester;  and  so  greatly 
did  the  new  improvement  succeed,  that  it  soon  afterwards 
appeared,  on  the  occasion  of  a  trial  as  to  the  validity  of  a 
patent  for  preparing  the  material  used,  that  one  bleacher  at 


♦  To  Mr.  Macgregor.  27th  April,  1787. 
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ijuichester  bleached  at  the  rate  of  a  thousand  pieces  of 
funliii,  (of  thirty  yards  each),  every  day,  and  that  tiie  goods 
vere  only  three  days  in  hand  until  they  were  completely 
Inuthed.  Another  declared  that  the  saving  of  potash  which 
6  effected  by  using  the  new  process,  amounted  to  above 
OOOIL  in  the  course  of  little  more  than  a  year. 
^  But  we  must  turn  from  such  cUlassements  as  scientific  feasts 
^•nd  philosophical  tours,  by  which  the  ordinary  routine  of  Mr. 
Wtttt*8  laborious  life  was  occasionally, — but  only  too  seldom, 
-— fileasantly  divei^sified,  to  a  far  less  agreeable  but  more 
oompolsory  occupation  in  which  a  considerable  portion  of  it 
was  now  unavoidably  consumed.  It  has  long  been  the  hard 
Ate  of  most  inventors,  if  their  inventions  are  of  any  real 
▼alae,  to  be  assailed  by  unworthy  and  surreptitious  rivab ; 
and  Boulton  and  Watt  formed  no  exception  to  the  too  great 
fmiyersality  of  this  rule.  For  very  many  years,  although 
seriously  injured  by  the  piratical  practices  of  theiif  opponents, 
they  submitted  to  them,  if  not  in  silence,  at  least  without 
opeBlj  punishing  them  by  law.  The  consequence  was,  that 
in  course  of  time,  engines  on  the  principle  of  separate  con- 
densation, and  with  such  other  p6Pi;iculars  of  the  Soho  con- 
•tmction  as  could  be  picked  up  by  bribery  of  workmen  and 
other  clandestine  means,  began  to  be  erected.  It  is  true,  that 
of  such  engines,  which  were  of  very  erroneous  proportions 
and  defective  manufacture,  the  performances  were  usually  far 
frcnn  being  successful.  Some,  like  Homblower's  at  Badstoke, 
were  asthmatic,  **  obliged  to  stand  still  once  every  ten  minutes, 
**  to  snore  and  snort ;"  *  "  when  they  have  got  a  very  strong 
**  steam,  it  will  make  21  strokes  in  three  minutes,  but  then 
^  comes  to  rest,  and  must  stand  five  minutes  before  it  gets 
^  strength  enough  to  make  another  stroke,  and  all  the  while 
**  they  must  fire  away  as  hard  as  ever  they  can,  otherwise  it 
**  will  not  work  at  alL"t  Sctoe  were  like  Evans's  null,  which 
*^  was  a  gentlentanly  mill :  it  would  go  when  it  had  nothing 
**  to  do,  but  refused  to  do  any  work."    The  greatest  achieve- 


*  Bfr.  Watt  to  Mr.  Boulton,  5th         f  Mr.  Watt  to  Mr.  G.  Hanultoo* 
September,  1783.  22  September,  1782. 
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ment  which  some  others  succeeded  in  effecting,  was  to  burst 
their  own  boiler,  or  break  their  own  machinery  to  pieces.  But 
the  manifestation  even  of  such  energy  was  rare  among  them ; 
of  all  "  the  bodily  presence," — so,  at  least,  thought  Mr.  Watt^ 
— "  was  weak,"  and  the  work  "  contemptible."  Still,  even 
such  imperfect  and  really  useless  machines  injured  the  fair 
traders,  by  attracting  customers  through  a  specious  though 
deceptive  show  of  cheapness ;  while  on  the  other  hand,  their 
numerous  faults,  and  the  annoyances  which  they  caused, 
tended  to  excite  a  prejudice  even  against  the  Soho  engines, 
which  were  often  ignorantly  classed  along  with  them  under 
the  general  category.  At  last,  it  was  deemed  right,  as  the 
least  of  two  evils,  to  try  whether  the  exclusive  privilege  could 
not  be  compulsorily  and  penally  established  against  those 
who  had  infringed  it ;  and  the  wide  field  of  litigation  was 
therefore  deliberately,  though  reluctantly,  entered  upon. 

Tlie  legal  proceedings,  both  in  equity  and  at  common  law, 
which  now  became  necessary,  were  numerous;  and  it  is 
painful,  even  at  this  distance  of  time,  to  contemplate  the 
mass  of  litigation  through  which,  in  mere  self-defence,  the 
patentees  were  compelled  to  struggle.  A  bill  of  costs,  sent 
in  by  one  firm  of  solicitors  in  London,  for  their  outlay  and 
professional  services  in  matters  connected  with  the  various 
infringements,  has  been  preserved,  and  is  now  before  us: 
amounting,  for  the  short  space  of  the  four  last  years  of  the 
time  to  which  the  extension  of  the  patent  was  limited,  viz. 
from  1796  to  1800,  to  between  five  and  six  thousand  pounds  !* 
This  was  unquestionably  a  fearful  tax ; — a  burden  grievous  to 
be  borne  by  the  successful  discoverer  in  science,  and  his 
enterprising  associate,  in  seeking  the  final,  though  tardy, 
enforcement  of  justice ! 

But  that  pecuniary  amount,  large  as  it  is,  and  representing, 
as  it  probably  does,  not  much  more  than  one  half  of  the  whole 
expense  caused  by  the  proceedings  of  their  opponents,  cannot 

♦  Long  afterwards,  (in  1818),  when  ence  of  many  of  our  readers  may 

speaking  of  an  account,  the  charges  have  taught  them  to  understand  tlie 

in  which  were  enormous,  Mr.  Watt  full  force  of  tiiis  remark;  alttiougli, 

flaid  that  **  it  would  not  have  disgraced  happily,  there   are    honourable  ex- 

**  a  London  $olicitor,**     The  experi-  oeptions  to  the  too  genez^l  role. 
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fcr  a  moment  be  viewed  as  equivalent  to  the  mental  and 
bodily  labour,  the  constant  anxiety  and  frequent  vexation, 
vidch  such  opposition  entailed ;  all  of  which  were  aggravated, 
m  a  high  degree,  by  the  comparatively  unsettled  state  in  which 
llie  law  of  England  then  remained  on  the  subject  of  patents. 
-  It  18  melancholy  to  reflect  that,  in  any  case,  that  leisure 
and  tranquillity  of  a  philosophic  mind  which  might  have  pro- 
dnoed  further  discoveries  of  refined  beauty  or  extensive  utility, 
Aoald  be  sacrificed  and  consumed  in  resisting  the  invasion  of 
tlie  powerful,  or  defeating  the  firaudulent  chicanery  of  the 
OOTetous.  And  when  to  this  reflection  is  added  the  further 
ttnd  still  more  grievous  knowledge  that  such  resistance  may 
ttot^  and  in  the  chances  of  human  afiairs  cannot,  always  meet 
tritfa  soocess,  the  peculiar  hardship  of  the  lot  of  many  a  de- 
aarving  person,  whose  genius  has,  unfortunately  for  himself, 
distinguished  him  among  his  fellows,  will  at  once  become 
^vparent  Thanks  to  those  learned  and  indefatigable  labours 
in  the  cause  of  law  reform  in  this  kingdom,  with  which  must 
eter  be  associated  in  honour  the  name  of  Brougham,  such 
oocnnrenoes,  instead  of  being  the  common  rule,  can  henceforth 
be  only  the  rare  exception ;  and  it  is  not  easy  to  estimate  the 
amount  of  benefit  which  has  thus  been  obtained  for  the 
ingenious,  but  possibly  humble,  poor,  and  friendless  inventor, 
by  one  who  could  alike  compassionate  his  necessities,  and 
gympaihise  with  his  difficult  pursuit  of  science. 

TQie  advancing  years  of  both  Mr.  Watt  and  Mr.  Boulton,  of 
^om  the  expiration  of  the  patent  found  the  one  approaching, 
and  the  other  ah*eady  past,  his  threescore  and  tenth  year, 
made  them  both  feel  more  sensibly  the  severity  of  so  dis- 
tasteful a  conflict ;  which,  although  conducted  with  both  skill 
and  determination  on  their  own  part,  was  latterly  intrusted 
chiefly  to  the  management  of  their  sons,  Mr.  James  Watt, 
jonr.,  and  Mr.  M.  Robinson  Boulton.  "  In  the  whole  afiair," 
writes  Mr.  Watt  to  his  old  friend.  Dr.  Black,*  "  nothing  was 
**  so  grateful  to  me  as  the  zeal  of  our  friends,  and  the  activity 
**  of  our  young  men,  which  were  unremitting." 


*  15  January,  1797. 
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Two  trials  in  particular  there  were,  in  which  Mr.  Watt's 
principal  invention,  and  the  patent  granted  for  its  exercise, 
became  the  subject  of  full  and  elaborate  discussion;  and 
which,  both  at  that  time  and  since,  attracted  too  much  atten- 
tion to  be  at  present  unnoticed  by  us.  Our  remarks,  however, 
on  this  part  of  our  subject  need  be  few,  as  further  information 
on  the  various  points  noticed  in  the  course  of  the  arguments 
delivered,  whether  at  the  bar  or  from  the  bench,  may  be 
found  in  the  reports  of  the  opinions  of  the  Judges,  taken  in 
shortrhand  at  the  time,  and  printed  in  a  former  work.* 

In  both  of  those  causes  Messrs.  Boulton  and  Watt  were  the 
plaintiffs.  The  defendants  were,  in  one  of  them,  a  person  of 
the  name  of  Bull;  and,  in  the  other,  Messrs.  [Jonathan] 
Homblower  and  Maberly.  "  Mr.  Bull,"  as  was  mentioned  by 
Mr.  Sergeant  Adair,  (one  of  the  counsel  for  the  plaintiflb),  in 
introducing  him  to  the  notice  and  acquaintance  of  the  jury  at 
the  trial,  "  was  an  oflScer, — ^if  ho  might  dignify  it  by  that 
"  epithet, — known,  in  all  places  where  fire  is  used,  and  to  be 
"  mended,  raked,  or  stirred,  by  the  name  of  a  gtoker.**  And 
by  having  been  employed  by  Boulton  and  Watt  in  that 
honourable  capacity,  and  afterwards  as  an  assistant  engine- 
tender,  he  gained  that  acquaintance  with  the  construction  of 
their  engines,  through  which  he  ultimately  sought  to  deprive 
them  of  their  patent  rights.  The  cause  of  "  Boulton  and  Watt 
"  V.  Bull,"  was  tried  in  the  Court  of  Common  Pleas  on  the  22nd 
of  June,  1793,  by  a  special  jury,  before  Lord  Chief  Justice 
Eyre.  Among  the  witnesses  on  the  side  of  the  plaintifis 
were  De  Luc,  Herschel,  Lind,  Southern,  Mylne,  Cumming, 
Murdock,  More,  Kennie,  and  Ramsden;  and  when  their 
counsel  rose  to  reply  to  the  evidence  adduced  for  the  defence, 
the  foreman  of  the  jury  said  that  the  jury  were  already  per- 
fectly satisfied.  The  verdict  was  for  the  plaintiff,  subject  to 
the  opinion  of  the  Coiut  as  to  the  validity  of  the  patent.  On 
the  16th  of  May,  1795,  the  special  case  came  on  for  judg- 
ment ;  when  the  opinions  of  the  Judges  were  equally  divided.  * 


♦  See  the  Appendix  to  the  'Me-     and  VII.,  vol.  iii.  pp.  164-207,  and 
*  chanical  Inventiona  of  Watt,'  Nob.  Y.      252-292. 
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Jbr  the  patent  were  Lord  Chief  Justice  Eyre^  and  Mr.  Justice 
Booke ;  against  it,  Mr.  Justice  Heath,  and  Mr.  Justice  BuUer. 
Mr.  BoultoUy  dining  with  the  last-mentioned  Judge  shortly 
before  the  opinions  were  delivered,  and  having  some  idea  of 
the  Tiew  his  Lordship  was  supposed  to  be  likely  to  take  of 
tlie  points  of  law,  gaily  alludes  to  that  learned  person,  when 
the  hospitalities  of  his  table,  as  '^  dremng  with 


^fiowen  the  victim  he  is  preparing  to  sacrifiee"  About  the 
Mine  time,  so  multifarious  were  the  questions  which  the  legal 
acumen  of  the  counsel  and  Judges  had  raised  concerning  ihe 
patent  and  its  infringement,  that  Mr.  Watt  writes,  "  Since  I 

*  have  been  so  much  among  the  doubting  limbs  of  tlie  law, 

*  it  is  impossible  to  come  to  a  conclusion  upon  any  subject !" 

Of  the  two  defendants  in  the  second  cause,  it  was  with  per- 
tdct  Seumess  stated  at  the  trial  that  Mr.  Maberly  supplied  the 
purse,  and  Mr.  Homblower  the  ingenuity,  requisite  for  the 
infringement;  and  further,  with  a  just  severity,  that  Mr. 
Homblower  derived  his  knowledge  and  ingenuity  undoubtedly 
from  the  most  respectable  source  he  could  have  derived  them 
from,  because  he  derived  them  from  the  ingenious  inventor 
of  the  steam-engine  himself,  having  acted  for  a  considerable 
time,  like  Mr.  Bull,  in  the  employment  of  Messrs.  Boulton  and 
Watt    He  was  one  of  a  numerous  band  of  Homblowers, — 

*  Homers,"  or  "  Trumpeters,"  as  they  were  sometimes  called, — 
who  seem  to  have  followed  mechanical  and  piratical  pursuits 
under  names  partaking  of  an  odd  unanimity  of  patriarchal 
alliteration.  There  were  Jonathan,  and  Jethro,  and  Jesse, 
and  Jabez  the  elder,  and  Jabez  the  younger.  Jonathan,  an 
engineer,  "  a  coppersmith,"  says  Mr.  Watt,  "  who,  like  Alex- 
**  ander  of  that  trade,  hath  done  us  much  harm  ;"  Jethro,  a 
working  engineer ;  Jesse,  an  engineer ;  Jabez  the  elder,  an 
engineer,  the  brother  of  Jesse,  and  a  defendant  in  this  action. 
Finally,  Jabez  the  younger,  the  son  of  Jabez  the  elder ;  and 
of  him  the  description  given  is,  that  *^he  calls  himself  an 
**  engineer."  Of  the  history  of  those  people,  beyond  their 
interference  with  the  engines  and  patents  of  others,  we  know 
little ;  but  it  is  not  creditable  to  the  prudence  and  industry 
of  that  particular  Homblower  who  was  associated  with  Mr. 
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Maberly,  that  within  a  very  few  years  after  the  dose  of  the 
litigation,  he  was  almost  starving,  a  wretched  prisoner  in  the 
King's  Bench.  Even  then,  his  animosity  against  his  former 
patrons  had  not  ceased, — 

"  Still  in  their  ashes  lived  his  wonted  fires," 

and  they  blazed  forth  in  a  sort  of  tract  or  memoir  on  the 
steam-engine,  printed  in  Dr.  Olinthus  Gregory's  *  Treatise  on 
*  Mechanics,'  in  1807.  That  paper,  although  it  may  well  appear 
not  to  have  deserved  any  such  notice,  met  with  a  crushing 
demolition  in  an  article  in  the  *  Edinburgh  Review,'  *  which  is 
understood  to  have  proceeded  from  the  pen  of  Professor  Play- 
fair,  and  was  at  the  time  termed  his  Olj/nthiac  Oration. 

The  cause  of  "Boulton  and  Watt  v.  Homblower  and 
"  Maberly,"  was  tried  in  the  Common  Pleas  on  the  16th  of 
December,  1796,  and,  like  the  previous  case,  by  a  special 
jury,  before  Lord  Chief  Justice  Eyre.  The  verdict  was, 
again,  for  the  plaintiffs ;  and  the  proceedings  on  a  writ  of 
error  subsequently  brought,  had  only  the  effect  of  affirming 
that  result  by  the  unanimous  opinion  of  the  four  Judges  before 
whom  it  was  argued,  (as  it  was  most  ably  and  fuUy),  on  two 
several  occasions. 

The  arguments  against  the  validity  of  the  patent,  offered 
by  the  defendants  in  the  action,  (the  plaintiffs  in  error),  in 
the  Common  Pleas,  were  principally  drawn  from  alleged 
objections  to  the  sufficiency  of  the  specification  of  1769. 
And  it  must  here  be  observed  that  the  statute  continuing 
the  benefit  of  the  letters  patent,  (which,  having  been  granted 
for  fourteen  years  from  the  5th  of  January,  1769,  would 
otherwise  have  been  determined,  by  length  of  time,  previous 
to  the  date  of  the  action),  provided  that  every  objection  in 
law  competent  against  the  patent  should  be  competent  against 
the  statute,  in  case  the  patent  ought  not  to  have  been  granted : 
on  grounds,  namely,  of  prior  invention  and  public  use,  or  of 
the  specification  not  complying  with  the  conditions  required 
by  the  statute  (21  Jac.  I.,  cap.  iii.).    But  for  such  a  proviso^ 


♦  •  Edin.  Rev^'  vol.  xiii  p.  311-333. 
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objections  to  the  validity  of  the  patent,  founded  on  the 
alleged  insufficiency  of  the  specification,  could  not  have  been 
listened  to.  It  was,  however,  contended  on  the  part  of  the 
infiringers; — 

1.  Generally,  that  the  description  of  the  engine  given  in 
the  specification  was  not  sufficient  to  put  the  public  in  pos- 
Bession  of  the  best  mode  of  making  such  engines  on  the  newly 
invented  principles,  so  as  to  entitle  the  patentee  to  the 
benefit  of  the  monopoly,  which  the  policy  of  the  law  pre- 
ffsribes  shall  be  granted  and  secured  only  on  condition  of  that 
being  done. 

How  far  this  objection  was  or  was  not  well  founded,  became, 
of  course,  matter  of  evidence  for  the  jury ;  and  while  among 
the  witnesses  for  the 'plaintiffs  there  was  an  unanimous  con- 
carrence  of  opinion  as  to  the  sufficiency  of  the  description 
given  in  the  specification,  even  those  called  by  the  defendants 
were,  with  few  exceptions,  also  obliged  to  admit  it.  The 
exceptions*  were  some  three  in  number,  and  the  contrary 
nature  of  their  testimony  was  at  once  accounted  for,  either 
by  the  interest  they  had,  as  being  themselves  infringers,  to 
overthrow  the  patent,  or  by  their  inferior  skill  in  their  busi- 
ness as  mechanics.  On  the  one  side  were  called  intelligent 
men,  who  proved,  that  even  from  far  less  aid  than  was  sup- 
plied in  the  specification,  they  actuaUy  had  constructed  steam- 
engines  on  the  patented  principle.  On  the  other  side,  as  it 
was  well  remarked  at  the  trial,  appeared  *^  blockheads^  who 
**  ttfforey  tvith  perfect  veracity ^  that  they  could  not  do  it !  " 

A  curious  and  interesting  proof  of  how  clearly  the  novel 
idea  of  condensation  in  a  separate  vessel  could  be  presented 
to  the  mind  of  any  one  accustomed  to  consider  mechanical 
subjects  in  a  practical  point  of  view,  even  when  unaccom- 
panied by  anything  like  the  fulness  and  clearness  of  the 
specification,  was  supplied  by  Mr.  Robison  in  the  following 
anecdote,  which  was  understood  at  the  time  to  have  had  a 
decisive  effect  on  the  minds  of  the  Court  and  Jury : — 

"  In  the  year  1770,"  says  Professor  Robison,  "  I  went  to 
"  Bussia,  to  take  the  direction  of  the  Imperial  Academy  of 
"  Marine  in  that  country.    My  house  was  adjoining  to  the 
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*'  bason  into  which  the  docks  of  Buseda  were  drained;  tk 
**  water  was  drawn  out  by  two  expensive  wmdmiDs;  il 
occurred  to  me  that  a  steam-engine  would  answer  lite  pll^ 
pose  better ;  and,  as  that  country  was  at  a  great  dklttn 
from  pit-coal,  it  occurred  to  me  that  Mr.  Wattes  e&giu 
**  was  the  best  I  recommended  the  Admiralty  College  to 
^  erect  a  steam-engine ;  this  occasioned  a  good  deal  of  axar 
**  versation  between  me  and  the  gentlemen  of  science  intkt 
^^  coimtry,  particularly  a  Mr.  Model,  the  Court  apothecuy,! 
"  gentleman  of  great  reputation,  and  one  of  the  first  chenali 
"  of  the  age,  whom  I  had  instructed  in  the  doctrine  of  hfteii 
"  heat.  I  wrote  to  Mr.  Watt,  desiring  him  to  undertake  fk 
^'  erection  of  an  engine.  Mr.  Watt>  with  that  liberality  wUeh 
"  is  natural  to  him,  declined  interfering  in  it.  The  ej^m- 
**  sion  of  his  letter  was,  ^  I  think  you  are  fully  able  to  coabd 
"  *  that  project,  and  it  will  do  you  credit  in  the  country  when 
"  *  you  are.'  The  day  that  I  received  this  letter,  I  went  to 
"  drink  tea  with  Mr.  Model ;  and  found  sitting  with  him  Ir. 
^'  ^pinus,  a  gentleman  no  less  eminent  for  his  beantifal 
^*  theory  of  magnetism  and  electricity.  I  mentioned  Mr. 
**  Watt's  genteel  declinature,  and  also  a  passage  of  his  letter, 
"  in  which  he  said  that  by  admitting  steam  to  press  down  ^ 
*^  piston,  its  want  of  perfect  tightness  was  not  so  hurtful  ii 
^'  appeared  at  first  sight,  because  the  steam  which  got  pait 
''  would  only  be  lost,  but  would  not  choke  the  engine.  Model 
*^  broke  out  into  an  exclamation,  confirming  what  I  saii 
*^  ^pinus  did  not  see  tlie  force  of  what  we  said,  and  Model 
**  took  out  his  pencil  to  make  a  sketch  which  would  exptaia 
^^  it  to  him.  Not  readily  finding  a  bit  of  paper,  I  pulled  a  bit 
**  out  of  my  pocket,  on  which  he  made  a  sketch.  This  hap* 
'^  pened  to  be  an  official  report,  which  I  had  that  day  lec^Ted 
^'  at  Cronstadt,  and  which  I  kept  with  many  things  of  thii 
"  kind,  and  they  came  home  with  my  other  papers.  I 
"  submit  it  to  the  inspection  of  the  Court,  and  presume  it 
"  will  be  acknowledged  as  a  convincing  proof  that  Mr.  Model 
"  completely  understood  Boulton  and  Watt's  method ;  and 
^'  that  much  less  information  than  is  given  in  the  specifi- 
**  cation  is  sufficient  for  enabling  an  ixitelligent  engineer  to 
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"  erect  an  effectiye  engine,  or  to  comprehend  Mr.  Watt's 
^  principles." 

2.  It  was  objected,  secondly,  in  particular,  that  the  mode 
of  condensation,  (by  injection  of  a  jet  of  cold  water),  was  not 
qiecified. 

Bat  as  this  mode  was  familiarly  known  to  all  engineers, 
and  even  to  most  common  mechanics,  to  have  been  ordinarily 
practised  in  Newcomen's  engines,  the  repetition  of  it  by  Mr. 
Watt  in  his  specification  was  quite  uncalled  for ;  no  departure 
from  the  former  practice,  in  that  particular,  being  intended 
hy  him  to  be  adopted. 

3.  That  the  relative  proportions  which  the  condenser  should 
bear  to  the  cylinder,  and  which  the  air-pump  should  bear  to 
the  condenser,  were  not  specified,  so  as  to  render  it  unneces- 
aary  to  resort  to  experimental  trials,  in  the  construction  of 
engines  on  the  new  principles. 

On  this  head,  it  was  readily  shown  that  it  was  not  requisite, 
according  to  any  fair  interpretation  of  the  law,  that  the  speci- 
fication should  describe  the  proportions  of  the  yarious  parts 
of  an  engine  so  that  any  person  whatsoever  might,  without 
previous  instruction  as  an  engineer,  be  thereby  enabled  at 
once  to  construct  a  perfect  steam-engine ;  that  it  was  quite 
auflScient  if  it  gave  the  information  needful  for  such  as  had 
both  received  some  previous  education,  and  had  some  just 
light  to  be  regarded  as  engineers ;  that  the  exact  proportions 
of  either  the  condenser  or  the  air-pump  were  quite  immate- 
rial to  the  satisfactory  performance  of  tlie  engine,  provided 
only  they  were  large  enough  to  do  the  usual  work  of  con- 
densation and  pumping ;  and  that  the  magnitude  proper  for 
each  of  them  could  not  fail  to  be  known  to  all  who  possessed 
the  amount  of  previous  knowledge  required  for  such  business 
before  the  new  invention  was  made.  "It  is  not  material,"  said 
Lord  Kenyon,  "  whether  the  condenser  shall  be  circular,  square, 
octagon,  decagon,  or  what  shape  it  shall  be."  "  They  quarrel 
with  us,"  said  Mr.  Ecus,  in  his  very  able  speech  in  the 
Court  of  King's  Bench,  in  1799,  "  for  not  giving  a  form  of  a 
"  condenser.  Neither  form,  nor  size,  nor  position  of  the  con- 
"  denser  is  material.     To  have  specified  these  would  have 
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"  been  to  deceive.  When  the  valve  is  opened,  the  steam, 
*^  from  its  elastic  nature,  escapes,  and  is  condensed.  If  there 
^'  be  any  choice  as  to  form,  size,  or  position,  these  must 
"  depend  on  the  local  means  of  keeping  the  condenser  cold ; 
*^  and  when  the  artist  is  told  that  it  must  be  kept  cold,  he 
'^  has  every  information  on  these  heads  which  an  artist  can 
"  require.  Nothing  more  is  now  to  be  done  but  to  get  rid  of 
"  the  air  and  elastic  vapour,  which  cannot  be  removed  by  the 
"  means  before  employed.  This  Mr.  Watt  directs  us  to 
"  extract  by  a  pump,  worked  by  the  engine,  or  otherwise,  at 
"  the  pleasure  of  the  artist.  To  complete  the  invention  of 
"  Mr.  Watt^  it  was  only  necessary  that  this  vapour  should  not 
"  be  suffered  to  accumulate.  The  common  mode  of  doing 
"  this,  is  to  suspend  the  pump  to  the  working  beam  of  the 
"  engine.  I  presume  it  will  not  be  disputed,  that  the  con- 
"  denser  and  the  pumps  are  tangible  and  vendible  substances. 

As  to  the  perfection  of  this  part  of  the  invention,  I  cannot 

demonstrate  it  to  be  equal  to  the  perfection  of  the  other 
"  part,  by  the  bare  inspection  of  the  specification.  I  must 
"  refer  my  adversary  to  the  testimony  of  witnesses,  and  the 
"  evidence  of  the  gauge  annexed  to  the  engina  From  these 
"  he  will  learn,  that  the  exhaustion  is  nearly  equal  to  that  of 
"  the  air-pump,  and,  consequently,  that  all  sensible  resistance 
"  to  the  action  of  the  piston  is  removed."* 

4.  That  of  the  various  substances  specified  to  be  employed 
instead  of  water,  to  render  the  piston  or  other  parts  of  the 
engines  air  and  steam-tight,  viz.  "  oils,  wax,  resinous  bodies, 
"  fat  of  animals,  quicksilver,  and  other  metals  in  their  fluid 
"  state,"  only  one,  (the  fat  of  animals),  was  useful  and  econo- 
mical in  practice ;  and  quicksilver,  in  particular,  by  corrosion 
and  amalgamation,  would  injure  any  parts  of  the  engine 
that  might  happen  to  be  made  of  brass^  to  which  it  might 
get  access. 

There  was  evidently  nothing  in  this  objection  deserving 
notice ;  as  it  was  pretty  certain  that  if  any  one  of  the  sub- 
stances specified  was  both  cheapest  and  best,  (as  was  said  to 
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be  the  case  with  mutton  suet),  that  would  soon  be  adopted,  to 
the  exclusion  of  the  rest  As  for  the  argument  from  tlie 
qmeksUver,  all  mechanics  at  all  acquainted  with  their  business 
knew  very  well  that  that  metal  ought  not  to  be  applied  to 
•ny  brass  work ;  and  the  Chief  Justice  could  not  help  observ- 
ing,  that  so  mercurial  an  objection  was  scarcely  to  be  consi- 
dered as  a  subject  for  grave  discussion. 

5.  That  no  annexed  drawing  or  model  of  the  new  engine 
"Was  lodged  with  the  specification. 

Unfortunately,  the  numerous  piracies  that  were  successfully 
practised,  showed  but  too  forcibly,  that  no  drawing  or  model 
was  requisite  to  enable  counterfeits  of  the  new  engine  to  be 
made.  The  fact  was,  that  either  drawing  or  model  was  not 
only  quite  unnecessary,  and,  from  the  endless  variety  of  forms 
in  which  the  invention  might  be  applied,  quite  useless ;  but 
it  might  really  have  injured  the  efficacy  of  the  patent  by 
limiting  the  extent  of  its  application.  For  it  must  always  be 
remembered,  that  the  invention  was  not,  (as  the  infringers 
tried  to  represent  it),  of  a  new  engine,  but  of  a  new  method 
of  saving  fuel,  by  condensing  the  steam  in  a  vessel  apart  from 
the  cylinder.  That  separate  condensation  was  the  thing 
patented,  in  whatsoever  form,  or  to  whatsoever  engine  it 
might  be  applied ;  although  the  best  mode  of  carrying  out 
the  principle,  by  valves,  alternate  communication,  &c.,  was 
clearly  pointed  out,  so  as  to  be  intelligible  to  all  engineers  or 
mechanics  of  ordinary  capacity  and  education  in  their  trade. 
**  We  called,"  said  Mr.  Bous,  "  all  the  most  eminent  theorists, 
^  and  practical  engineers  of  all  descriptions,  who  swore  that 
**  to  construct  the  engine  from,  this  description  was  so  per- 
**  fectly  easy,  that  no  man  of  tolerable  skill  in  his  profession 
^  could  mistake."  The  allegation  of  the  defendants  on  tliis 
head  was  also  triumphantly  refrited  by  the  remarkable  cir- 
cumstance given  in  evidence  by  Professor  Bobison,  which 
has  been  alrecwly  cited ;  *  as  well  as  by  the  fact,  that  "  another 
**  engineer,  who  superintended  twelve  of  Newcomen's  engines 
**  in  Yorkshire,  under  a  misapprehension  respecting  the  time 
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**  at  whicli  the  patent  would  expire,  had  actually  formed  and 
"  prepared  all  the  parts,  which  have  since  been  used  with 
"  complete  success."  * 

"I  know,"  cwlds  Professor  Robison,  "that  it  has  been 
"  repeatedly  objected  to  this  opinion  of  men  of  science  con- 
"  ceming  the  suflSciency  of  the  specification,  that  Mr.  Watt's 
"  own  accounts  are  in  opposition  to  it.  He  had  to  encounter 
"  many  difficulties  before  he  perfected  hia  machine,  even  after 
obtaining  his  patent.  I  know  this  welL  But  this  was 
chiefly  in  subordinate  parts  of  the  undertaking.  I  firmly 
"  believe  that  the  great  principles  were  as  perfect  in  his  mind 
in  a  few  hours,  as  they  are  at  this  day ;  and  that  the  phy- 
sical parts  of  the  problem  were  as  completely  solved  by  his 
first  model,  as  they  are  now  by  his  best  engines.  But  when 
"  Mr.  Watt  was  engaged  in  bringing  the  contrivance  to  per- 
"  fection,  he  wished  to  perfect  every  part.  He  who  wished 
"  to  make  his  engine  not  only  the  best,  but  the  cheapest  in 
"  the  world, — he  struggled  long,  in  opposition  to  his  own 
"  judgment,  at  Dr.  Roebuck's  instance,  to  perform  the  con- 
densation without  injection.  He  had  a  predilection  for  the 
wheel  engine,  and  much  time  and  labour  were  spent  on  it» 
"  while  he  was  uncertain  whether  he  should  bring  this,  or  the 
"  reciprocating  engine,  first  to  the  market.  He  had  expe- 
"  rience  to  acquire  in  great  works,  and  in  the  practice  of 
"  several  trades  employed  in  such  constructions.  He  had 
workmen  to  instruct,  and  to  form ;  and  to  keep  with  him, 
after  they  had  acquired  from  him  a  little  knowledge,  and 
were  worth  bribing  away  from  him.  But  the  chief  cause  of 
"  the  delay  was  that  indelible  trait  in  Mr.  Watt's  character, 
"  that  every  new  thing  that  came  into  his  hands  became  a 
"  subject  of  serious  and  systematic  study,  and  terminated  in 
"  some  branch  of  science.  How  rarely  do  we  meet  with  such 
a  conjunction  of  science  and  art, — ^how  precious  when  it  is 
found; — ^how  much  then  does  it  deserve  to  be  cherished! 
"  What  advantages  have  been  derived  within  these  twenty 
"  years  from  this  fortunate  union ; — ^how  much  then  does  it 
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**  become  our  courts  to  encourage  and  support  it  against  the 
**  unprincipled  attacks  of  ignorant  and  greedy  plagiarists^ 
**  who  would  deceive  our  men  of  property,  ruin  them  by 
^  expensive  projects  which  terminate  in  disappointment,  and 
**  thus  discourage  those  who  alone  can  by  their  capital  give 
"  any  effectual  aid  to  the  energy  and  genius  of  this  country  1 
•*  We  boast  of  our  Newton,  and  place  him  at  the  head  of  our 
^  philosophers ; — our  Boulton  and  Watt  want  only  jvL9tice^ 
^  and  all  Europe  will  place  them  at  the  head  of  our  artists." 

The  originality  of  the  invention,  and  its  great  importance 
to  the  public,  were  at  once  established  by  the  plaintiffs ;  and, 
indeed,  were  admitted  by  the  defendants.  The  very  multi- 
tude of  the  infringers  bore  testimony  to  the  value  of  the  dis- 
covery ;  their  occasional  construction  of  tolerable  engines  on 
the  new  principle,  proved  the  sufficiency  of  the  specification ; 
and  their  audacity  was  in  proportion  to  the  despair  they 
felt  of  being  able  to  rival,  by  honest  means,  the  success  of 
the  inventor.  The  whole  weight  of  the  evidence  was  justly 
held  to  be  in  favour  of  the  plaintiffs,  on  whose  side  were 
called  men  of  the  highest  order  of  intelligence  and  of  the 
greatest  celebrity  in  physical  science,  as  well  as  in  the  various 
departments  of  the  arts : — such  as  De  Luc,  Herschel,  Rams- 
den,  Bobison,  Ciunming,  Southern,  and  others,  most  of  whom, 
as  has  already  been  mentioned,  had  also  given  evidence  in 
the  previous  case  against  Bull. 

Among  the  host  of  opponents  who,  having  in  the  first  place 
themselves  in&inged  the  patent,  were  disinterestedly/  desirous, 
for  the  benefit  of  the  publicy  that  its  validity  should  be  over- 
thrown, one  of  the  most  forward,  pertinacious,  and  loud,  was 
Joseph  Bramah.  This  person,  very  well  known  for  his  inge- 
nuity in  mechanical  improvements  in  locks,  his  hydraulic 
press,  and  other  useful  contrivances,  attended  as  a  witness  on 
behalf  of  the  defendants  in  1796 ;  but  liaving  on  that  occa- 
sion been  cut  short,  by  the  Judge,  in  an  endeavour  to  lay 
before  the  Court  what  he  calls  "  a  few  remarks," — (they  ex- 
tend to  ninety-one  printed  pages!), — he  at  last  delivered 
them  to  the  public  in  the  form  of  a  letter  to  the  Chief  Jus- 
tice, remonstrating  against  the  verdict  which  had  been  unhe- 


u 
it 


414  LIFE  OF  WATT.  Chap.  XXIIT. 

sitatingly  found  for  the  plaintiffs.  In  the  outset  of  this 
epistle,  Bramah  states  that  he  was»  at  the  trial,  ^^  much  inca- 
**  pacitated  by  those  alkalescent  and  morbific  exhalations, 
**  ever  a  consequence  of  large  and  close  assemblies ;"  and  the 
abrupt  judicial  syncope  of  his  intended  evidence  he  attri- 
butes, (no  doubt  justly  enough),  to  the  attention  of  the  Court 
having  "become  flaccid  through  fatigue."  Proceeding  in 
this  strain,  he  begs  leave  "  to  recapitulate  in  a  oomprehen- 
"  sible  form  the  matter  of  that  evidence,  compounded,"  (he 
says),  "  with  the  whole  substance  which  had  occurred  to  his 
"  understanding ! " 

The  specification  of  the  separate  condenser  generally,  is, 
this  excelling  sage  informs  us,  a  "  very  abstruse  and  ambi- 
guous concern :"  and  that  of  the  steam-wheel,  ^  a  complete 
jumble  of  incoherent,  unconnected,  absurd,  and  indigested 
"  ideas ;  so  blended  and  coagulated  with  mjfHeryy  ambiguity, 
*'  and  impossibility  in  practice,  that  it  is  a  disgrace  to  the 
"  writer,  and  would  undoubtedly  ruin  any  meehanie  who  might 
**  attempt  to  analyse  it.^^ 

The  principle  of  working  engines  by  the  alternate  expan- 
sion and  contraction  of  steam,  (the  expansive  principle  added 
to  the  separate  condensation),  he  introduces  thus: — "And 
"  behold !  what  does  he,"  [Mr.  Watt]  "  (by  way  of  mislead- 
"  ing),  but  propose  what  every  man  of  chemical  science  must 
"  reject,  viz.,  to  work  engines  by  the  partial  expansion  and 
"  condensation  of  steam !" 

Bramah  offers  it  as  "  a  condensation  of  his  own  ideas  dif- 
"  fused  through  his  letters,"  that  "aH  kinds  of  condensers^ 
"  and  even  eduction-pipes,  on  the  principle  of  Watt's  engines, 
"  impede  the  working  of  the  engine ;" — ^and  "  thinks  that  it 
"  must  be  obvious  to  every  one,  as  it  had  ever  been  to  Mm, 
"  that  Mr,  Watt  had  really  invented  nothing  hut  what  would  do 
"  more  mischief  than  good  to  the  public^ 

The  learned  author  of  the  pamphlet  from  which  these  quo- 
tations have  been  made,  complains  in  it  of  having  been  called 
in  Court,  at  the  trial,  "a  fool,  blockhead,  shoemaker,  and 
"  water-closet-maker."  If  for  the  third  of  those  epithets  there 
were  any  foundation  in  fact,  it  would,  indeed,  rather  appear 
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that  Mr.  Bramah  had  too  rashly  disregarded  the  warning 
of  the  well-known  Latin  proverb,  addressed  to  ''criticising 
*  cobblers."  But  the  first  and  second  terms  of  reproach  we 
diould  be  the  last  to  apply  to  the  author  of  so  amusing  a  curiosity 
of  literature  as  the  pamphlet  in  question ;  furnishing  as  it 
does  so  sufficient  a  specimen  of  the  spirit  and  style  in  which 
the  rights  of  the  claimants  under  the  patent  were  resisted,  as 
well  as  of  the  amoimt  of  erudition  by  which  that  resistance 
was  audaciously  supported.  It  was  in  the  vexation  caused 
by  the  midtifarious  piracies,  of  which  Bramah's  was  one,  that 
Mr.  Watt  was  tempted,  ''  in  the  anguish  of  his  mind,"  almost 
to  "  curse  his  inventions ;" — ^to  declare  that  "  there  is  nothing 
*•  more  foolish  than  inventing ;" — and  that  "  nine-tenths  of 
^  mankind  are  knaves,  and  a  large  proportion  of  the  remaining 
••  one-tenth,  fools."  From  an  equally  temporary  cause  alone, 
let  us  hope,  also  proceeded  his  evil  opinion  of  some  of  the 
gentlemen  belonging  to  a  certain  branch  of  the  legal  profes- 
sion, whom  he  called  ''  the  anthropophagi  of  London ;"  and 
of  whom  he  said,  tliat  "  if  all  the  counties  in  England  would 
••  join  in  petitioning  Parliament  to  make  it  high  treason  for 
"  any  of  the  tribe  to  be  found  in  the  realm,  it  would  be  the 
"  wisest  thing  they  ever  did ! "  *  It  was  certainly  unfortunate 
for  the  reputation  of  Bramah,  himself  a  self-taught  inventor 
of  great  mechanical  ingenuity,  that  he  should  have  been  led, 
by  whatever  motive,  into  systematic  and  grudging  opposi- 
tion,— (which  was  also,  happily,  unsuccessful), — to  the  grand 
and  prolific  discoveries  of  Watt. 

In  our  o^Mi  day,  this  doctrine  of  Bramah  appears  in  this 
country  to  have  had  one,  and,  so  far  as  we  know,  but  one 
follower.  In  a  work  on  the  steam-engine  by  Mr.  Thomas 
Tredgold,  printed  in  1827,  we  find  the  following  passage : — 
The  fortunate  idea  of  condensing  in  a  separate  vessel,  which 
in  Watt's  engine  is  the  only  essential  part  in  saving  of  fuel 
^  beyond  what  Smeaton  had  accomplished,  would  undoubtedly 
**  m  a  short  time  have  occurred  to  some  other  person  ;  and  mines 
"  must  have  been  drained  at  a  more  economical  rate,  long 


•  To  Mr.  Boulton,  12  April.  1780. 
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"  before  that  monopoly  ceased."  This  observation  is  accom- 
panied by  the  further  reflection,  that  "  monopoly  should  never 
"  be  renewed,  except  so  that  any  other  person  may,  at  a  fair 
"  and  at  a  fixed  rate  of  licence,  join  in  it."  Without  too 
critically  enquiring  how  far  that  can  be  called  a  monopoljfy  in 
which  any  other  person  may  joiny — whether,  had  Watt  not 
lived,  the  celestial  afflatus  of  invention  ''  would  undoubtedly  " 
have  descended  upon,  e,  ff.,  Mr.  Thomas  Tredgold,  or  ^^  some 
"  other  person," — or  whether,  if  the  objection  is  intelligible 
at  all,  it  does  not  apply  to  all  grants  of  patents,  quite  as 
much  as  to  any  renewals  of  them, — we  need  merely  remark 
that  in  the  case  of  Boulton  and  Watt's  extension  of  patent^ 
"  any  other  person"  was  allowed  to  exercise  the  invention  at 
a  fair  rate  of  licence ;  which  was  usually,  with  great  modera- 
tion, fixed  at  only  one-third  of  the  savings  of  fuel  which  the 
improved  engine  in  each  case  effected.  The  only  exceptions 
to  that  rule  were  in  cases  where  the  engine  worked  less  than 
twelve  hours  a  day,  or  where  coals  were  cheaper  than  four 
shillings  a  ton. 

The  verdict  of  the  jury,  on  occasion  of  both  of  the  trials, 
having  gone  with  the  stream  of  testimony  which  flowed  so 
overwhelmingly  in  favour  of  the  patentees,  the  judgment  of 
the  Court  finally  established  the  legal  validity  of  the  letters 
patent,  and  effectually  vindicated  the  justice  of  all  the  claims 
that  Boulton  and  Watt  had  made.  That  decision  has  always 
been  viewed  as  one  of  great  importance  to  the  law  of  patents 
in  this  kingdom,  and  was,  of  course,  productive  of  momentous 
consequences  in  a  pecuniary  point  of  view  to  the  patentees ; 
as,  besides  heavy  damages  and  costs  being  recovered  from  the 
actual  defendants,  the  remainder  of  the  horde  of  delinquents 
were  thereby,  at  last,  awed  into  subjection,  and  compelled  to 
disgorge  a  large  portion  of  their  illegal  gains.  In  judgment 
on  the  vanquished,  however,  mercy  was  not  forgotten  by  the 
victors ;  and  the  terms  of  settlement  insisted  on  were,  it  is 
believed,  generally  satisfactory  to  all  parties.  Mr.  Watt  used, 
long  afterwards,  to  call  the  specifications  his  old  and  wett^ 
tried  friends. 
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CHAPTER   XXIV. 

TEBMINATION  OF  THE  PATENT-PRIVILEGE  OF  1769  AND  1775  —  AND  OF 
THB  ORIGINAL  PARTNERSHIP  OF  BOULTON  AND  WATT  —  CONTINUANCE 
▲HD  INCREASE  OF  THEIR  STEAM-ENGINE  BUSINESS  —  ATTEMPTED  BOB- 
BSBT — ASSISTANTS  AT  SOHO  —  WILLIAM  MURDOCK,  HIS  LIFE,  SER- 
TICEB,  AND  INVENTIONS — MR.  WATT  IN  HIS  OLD  AGE  —  PNEUMATIC 
JEXDICINES  —  FOUNDATION  OF  PRIZE  IN  GLASGOW  COLLEGE  ^  UBRA BY 
▲T   GREENOCK  —  CHARITABLE   ACTS. 

With  the  year  1800  came  the  expiration  of  the  privilege  of 
the  patent  of  1769,  as  extended  by  the  statute  of  1775  ;  and 
also  the  dissolution  of  the  original  copartnership  of  Messrs. 
Boulton  and  Watt,  of  five-and-twenty  years'  duration ;  a  term 
nrhich  had  been  fixed  with  a  prosjjective  reference  to  the 
duration  of  the  privilege,  and  which,  having  at  its  commence- 
ment found  the  partners  active  and  strong, 

"  In  mezzo  del  cammiii'  di  nostra  vita," 

left  them,  at  its  close,  far  advanced  on  that  toilsome  journey, 
and  disposed  to  resign  the  cares  and  fatigues  of  business  to 
other  and  younger  hands.  Those  two  friendly  associates,  who 
might  well  be  termed  the  fathers  of  the  modem  steam-engine, 
did  not,  therefore,  in  their  own  persons  renew  tlie  contract 
which  they  had  in  earUer  and  more  eventful  times  so  strenu- 
ously, so  successfully,  and  so  happily  fulfilled.  But  their  re- 
spective shares  ui  the  concern  were  readily  adopted,  os  the 
basis  of  a  new  contract,  by  their  sons,  Messrs.  James  Watt, 
jun.,  Matthew  Robinson  Boulton,  and  Gregory  Watt ;  all  dis- 
tinguished by  great  talents,  and  already  to  a  considerable 
extent  initiated  in  the  conduct  of  the  business,  by  thase  valu- 
able instructions  which  the  experience  of  their  fathers  had  so 
well  enabled  them  to  give ;  as  well  as  by  having  held,  from 
1794,  some  individual  interest  in  the  property  of  the  co- 
partnership. 

2e  J 
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The  new  partners  then  entered  on  a  oonrse  of  enterpriaBg 
management,    firom   which   one   of  their   number,  Gregnj 
Watt,  was  too  soon  removed   by  his  premature  destk  m 
1804.     This  lamented  person,   having  never  felt  nmch  m- 
terest  in  the  dry  details  of  business,  had  been  by  the  bad- 
ness of  his  elder  brother,  James,  in  great  measure  rdkrod 
from   them,    and    enabled   to   devote    his    mind   soldy  tD 
those  higher  pursuits  of  science  and  literature  in  whidi  k 
found  delight ;  retaining  at  the  same  time  the  independeot 
circumstances  and  command  of  leisure  which  his  share  of  tk 
profits  from  the  steam-engine  manufactory  enabled  bim  to 
enjoy.     In  the  case  of  the  other  two  gentlemen,  the  bosiDea 
connection  endured  without  any  matorial   alteration  tat  a 
period  of  no  fewer  than  forty  years.     And  it  is  a  remaiUbk 
fact,  demonstrative  alike  of  the   continual   advance  in  tk 
development  of  the  various  resources  of  this  country,  and  of 
the  energetic  ability  with  which  the  affairs  of  the  Soho  man- 
factory  were  conducted,  that  notwithstanding  the  cessatioDof 
the  exclusive  privilege,  and  the  immense  competition  in  tk 
construction  of  steam-engines  which  speedily  followed,  lofcr 
was  the  business  of  Boulton  and  Watt  from  diminishing,  flit 
it  continually  increased,  and  became  greatly  more  profitaUi 
than  it  ever  had  been  in  the  days  of  its  original  foondeft 
Even  after  aU  of  his  manifold  improvements  had  been  seciwi 
by  patent,  and  were  in  course  of  execution  in  tlie  TarioB 
engines  turned  out  from  tlie  Soho  manufactory,  Mr.  Watt  ki 
made  a  very  moderate  estimate  of  tlie  remunerative  nature  rf 
the  business ;— for  although  in  the  summer  of  1782  he  ma- . 
tioned  that  the  clear  income  realised  by  it  was  30001  pff 
annum,  and  might  be  5000Z.,  he  at  the  same  time  added  tkt 
it  might  be   less,  or  nothing ;    depending  on  how  for  Mr. 
Boulton  and  he  might  be  able   to  defeat  their  opponenla 
"  From  the  many  opponents  we  are  like  to  have,"  he  ah) 
wrote  to  Mr.  Boulton,*   "  I  fear  that  the  engine  buainrti 
"  cannot  be  a  permanent  one ;  and  I  am  sure  it  will  not  in 
"  any  case  prove  so  lucrative  as  you  have  flattered  yoandf:" 


♦  20tli  February,  1782. 
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—and  "  I  will  stick  by  the  engine  business  while  it  sticks  to 

*  me  ;  but  we  have  got  so  many  pretenders  now,  that  I  fear 
^  they  will  make  us  little  people.  If  so,  let  them.'*  *  "  I  do 
**  not  think  that  we  are  safe  a  day  to  an  end  in  this  enter- 
**  prising  age.  One's  thoughts  seem  to  be  stolen  before  one 
**  speaks  them.  It  looks  as  if  Nature  had  taken  an  aversion 
•*  to  monopolies,  and  put  the  same  thing  into  several  people's 
*•  heads  at  once,  to  prevent  them ;  and  I  begin  to  fear," — he 
▼«ry  unreasonably  went  on  to  say, — "  that  she  has  given  over 

*  inspiring  me,  as  it  is  with  the  utmost  difficulty  I  can  hatch 
*•  anything  new."  -f* 

But,  towards  the  close  of  the  last  century,  and  on  the 
favourable  termination  of  the  long  law-suits,  the  business 
became  so  profitable  as  fully  to  satisfy  the  moderate  desires 
of  Mr.  Watt ;  to  provide  an  obvious  source  of  independent 
inoome  for  his  sons ;  and  thus  to  remove  the  fears  which  had 
often  pressed  heavily  on  his  mind,  that  he  might  possibly 
oatlive  its  success. 

At  the  very  beginning  of  the  century,  viz.  on  Christmas 
eve,  1800,  a  great  robbery  was  attempted  at  Mr,  Boulton's 
tilver-plate  manufactory ;  a  building  which  adjoined  the  en- 
gine-yards and  workshops,  and  was  at  no  great  distance  from 
hiB  mansion-house.  The  following  account  of  this  afiair  ap- 
peared in  the  Birmingham  newspapers  at  the  time: — "On 

Tuesday  night  last,  a  most  daring  robbery  was  attempted  to 

be  perpetrated  at  Soho,  by  a  gang  of  five  men,  which  they 
•*  endeavoured  to  efiect  by  bribing  the  watchman,  who  dis- 
**  covered  their  intentions  to  Mr.  Boulton ;  in  consequence  of 
**  which,  Messrs.  Boulton  and  Co.  procured  the  constables 
**  from  this  town,  and  other  assistants,  to  the  number  of 
**  twenty  in  the  whole,  who  were  well  armed,  and  concealed 

*  in  the  manufactory.  At  the  appointed  hour  the  gang  broke 
**  into  the  premises,  took  150  guineas,  and  loaded  themselves 
**  with  a  variety  of  silver  articles.  As  soon  as  they  attempted 
"  to  depart,  tlie  parties  in  ambush  rushed  upon  them,  and  a 
**  terrible  conflict  ensued ;  fire-arms  were  discharged  on  each 


22nd  May,  1782.  f  To  Mr.  Boulton,  14  Februaiy,  1782. 
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"  side  ;  and,  after  a  severe  struggle,  four  of  the  five  oflTenders 
"  were  secured.  The  fifth,  though  severely  wounded,  made 
his  escape  from  the  premises,  over  the  top  of  the  building, 
from  which  he  fell,  and  got  clear  off.  The  course  he  took 
has  been  discovered  by  his  loss  of  blood,  but  he  has  not  yet 
"  been  taken,  though  50  guineas  are  offered  for  his  appre- 
"  hension.  Four  of  the  prisoners,"  [the  whole  number  taken], 
"  are  wounded,  and  Mr.  Boulton's  watchman  was  shot  in  the 
"  neck,  but  he  is  in  a  fair  way  of  recovery.  The  four  prisoners 
"  were  examined  on  Wednesday  evening,  and  committed  to 
"  Stafford  gaol." 

The  robbery  need  scarcely  have  been  mentioned  here,  but 
for  the  accidental  circumstance  of  it  having  become  known  to 
Sir  Walter  Scott,  and  having  furnished  him  with  an  incident 
of  great  pictorial  effect  in  one  of  his  most  romantic  scenes, 
that,  viz.,  in  *  Guy  Mannering '  between  Meg  Merrilies  and 
Dirk  Hatteraick  in  the  cavern : — "  During  this  dialogue,  Meg 
"  was  heaping  some  flax  loosely  together.  Before  answering 
"  to  this  question,  she  dropped  a  firebrand  upon  the  flax,  which 
"  had  been  previously  steeped  in  some  spirituous  liquor,  for  it 
"  instantly  caught  fire,  and  rose  in  a  vivid  pyramid  of  the 
"  most  brilliant  light  up  to  the  very  top  of  the  vault,"  &c  * 
Sir  Walter's  graphic  description  of  the  robbery  is  given  in 
Allan  Cunningham's  Memoranda,  published  in  Lockhart's 
*  Life  of  Scott.' t  "  I  like  Boulton,"  continued  Sir  Walter; 
"  he  is  a  brave  man,  and  who  can  dislike  the  brave  ?  He 
"  showed  this  on  a  remarkable  occasion.  He  had  engaged  to 
*'  coin  for  some  foreign  prince  a  large  quantity  of  gold.  This 
"  was  found  out  by  some  desperadoes,  who  resolved  to  rob  the 
"  premises,  and,  as  a  preliminary  step,  tried  to  bribe  the  porter. 
"  The  porter  was  an  honest  fellow, — he  told  Boulton  that  he  was 
"  offered  a  hundred  pounds  to  be  blind  and  deaf  next  night. 
"  '  Take  the  money,'  was  the  answer,  *  and  I  shall  protect  the 
"  '  place.'  Midnight  came, — the  gates  opened  as  if  by  magic, 
"  — the  interior  doors,  secured  with  patent  locks,  opened  as  of 
^  their  own  accord, — and  three  men  with  dark  lanterns  en- 


*  Vol.  i.  p.  655,  Abbotsford  Edition.  f  Chap.  liiL 


Oh.  XXIV.      sir  W.  SCOTT'S  USE  OF  THE  INCIDENT.        421 

"  tezed  and  went  straight  to  the  gold.    Boulton  had  prepared 

*  some  flax  gteeped  in  turpentine, — he  dropt  fire  upon  it,  a 

*  sodden  light  filled  all  the  place,  and  with  his  assistants 
"  lie  rushed  forward  on  the  robbers ; — the  leader  saw  in  a 
**  moment  he  was  betrayed,  turned  on  the  porter,  and  shoot- 
^  ing  him  dead,  burst  through  all  obstruction,  and  with  an 
•*  ingot  of  gold  in  his  hand,  scaled  the  wall  and  escaped," 
*•  *  That  is  quite  a  romance  in  robbing,'  I  said ;  and  I  had 

*  nearly  said  more,  for  the  cavern  scene  and  death  of  Meg 
•*  Merrilies  rose  in  my  mind." 

Sir  Walter,  although  quite  correct  as  to  the  main  feature 
of  the  illumination  of  the  scene  of  plunder  and  rescue,  was 
dightly  inaccurate  in  one  particular ;  for  the  porter,  or  watch* 
man,  although  shot  in  the  neck,  recovered,  and  lived  long 
afterwards  on  a  pension  which  was  the  reward  of  his  fidelity 
to  his  employer.  He  was,  however,  removed  from  the  neigh- 
bourhood of  BirminghaiQ,  to  be  safe  from  the  threatened 
xesentment  of  other  members  of  the  same  lawless  gang  which 
had  been  so  largely  decimated ;  and  so  strictly  was  his  incog- 
nito obliged  to  be  preserved,  that  we  have  heard  that  his 
place  of  concealment  was  not  communicated  even  to  his  wife : 
—a  strong  measure  of  domestic  economy  to  which  he  must 
of  course  have  been  a  consenting  party.  For  three  nights 
previously,  the  robbers  had  tried  keys  and  examined  the 
premises,  "  which,  by  our  wise  law,"  says  Mr.  Watt,  "  is  no 
**  felony ;  and,  had  we  apprehended  them,  they  would  soon 
"  have  been  let  loose  upon  the  public,  and  we  could  not  have 
•*  rested  in  safety.  We  were,  therefore,  obliged  to  let  them 
**  commit  the  robbery ;  and,  on  their  coming  out,  fell  upon 
"  them  with  guns,  pistols,  bayonets,  and  cutlasses.  *  *  Our 
**  young  men  were  commanders-in-cliief,  and  laid  their  plans 
"  very  well ;  but  one  of  our  guards  came  not  soon  enough 
"  to  their  station,  by  which  the  escape  took  place,  though  by 
"  a  way  deemed  impracticable."  Four  of  the  thieves  were 
taken.  The  fifth  member  of  the  marauding  party  was,  as 
we  learn  from  the  proclamation  of  reward  issued  at  the  time, 
as  well  as  from  another  part  of  Mr.  Watt's  letter  just  quoted, 
sumamed  the  "  Little  Devil,"  and  had  come  from  Manchester 


422  LIFE  OF  WATT.  Chap.  XXIV. 

expressly  to  join  what  we  may  call  the  shooting-party ; 
he  broke  his  arm,  and  was  otherwise  badly  wounded  and 
bleeding  from  his  fall ;  but,  although  some  slugs  had  passed 
through  his  hat,  he  was  uninjured  by  shot.  He  was  not 
apprehended  for  four  or  five  months  afterwards.  AU  the 
five  prisoners  were  tried  at  the  next  assizes  at  Staflford,  and 
the  four  first  secured  were  sentenced  to  death ;  "  the  Little 
"Devil"  was  sentenced  to  be  transported  for  seven  years, 
possibly  from  having  borne  no  active  part  in  the  murderous 
afiray,  and  also,  perhaps,  in  consideration  of  the  suffering  he 
had  already  undergone.  In  regard  to  the  others,  a  point 
of  law,  as  to  how  far  the  plate  manufactory,  which  was 
within  Mr.  Boulton's  grounds  at  Soho,  but  of  course  ajmrt 
from  his  residence,  came  within  the  definition  of  a  dwell- 
ing-house, and  consequently,  how  far  the  offence  com- 
mitted was  or  was  not  a  burglary,  was  reserved  for  the 
opinion  of  all  the  Judges ;  and  we  rather  believe  that  the 
capital  sentence  was  ultimately  not  carried  out  on  any  of 
the  culprits. 

We  need  scarcely  observe,  that  during  the  last  half-century 
the  Soho  works  have  been  one  of  the  principal  sources, — (for 
a  great  portion  of  the  time,  indeed,  the  principal  source), — of 
that  vast  supply  of  steam-power  which  the  inventions  of  Watt 
have  enabled  this  and  other  coimtries  to  obtain.  At  the 
public  meeting  in  London  on  the  18th  of  June,  1824,  at 
which  a  monument  to  Mr.  Watt  in  Westminster  Abbey  was 
voted,  the  amount  of  power  which  had  been  thus  created  at 
Soho  was  stated  by  the  late  Mr.  Boulton  to  be,  in  round 
numbers,  equivalent  to  that  of  one  hundred  thousand  horses ; 
and  since  that  time,  up  to  1854,  an  addition  of  nearly  two- 
thirds  of  that  amount  had  been  made  ;  giving  a  total  sum  of 
power  equivalent  to  that  of  about  one  hundred  and  seventy 
thousand  horses.  We  subjoin  a  return  of  the  particulars, 
prepared  from  the  most  authentic  records ;  and  as  upwards 
of  seven  hundred  men  have  been  kept  in  full  employment 
at  the  great  establishment  to  which  we  refer,  there  seems  no 
reason  to  apprehend  any  diminution  in  the  futiure  extent  of  its 
usefulness  and  prosperity. 
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**  Jdsxo&ANDuaf . — SoHO  FoimDRY,  16  MarcK  1854. 

**  Tho  number  and  power  of  tho  engines  made  by  MesBrs.  Boulton,  Watt. 
**  and  Co.,  to  tlio  date  Jaiiuar}',  1824,  were  thus  reckoned  by  tbc  Lite  Mr. 
**  Boolton  and  Mr.  Groighton.  (one  of  his  assistants  at  8o]io) : — 

K#.Tniti.i  Power  of  living 

Engine..  LomT^Jiiir.    horjea  rcqutroU  U,  do 

'^  Uie  same  work. 

"283    for  pamping  and  blowing     .     11.247  x  4  =     44.988 

••805    rotative 12,<;i8  x  3  =     37.854 

••   76    boat  engines 2.080  x  3  =       6.240 

-  1.1G4  25.1H5  89.082 

••  And  between  January.  1824.  and  January.  1851,  the  numbers  are  the 
■•  following: — 

-  34    for  pumping  and  blowing      •      2.403  x  4  =      9.012 
•'  irrl    rotative 7.517  x  3  =     22,551 

-  243    boat  engines 15,358  X  3  =     46,074 

"441  25.278  78.2:^7 

••  Giving  tlie  following  total  numborH  : — 

- 1.104  25,945  89.082 

-  441  25,278  78.237 


«• 


1.605  51,223  167,319 


••  The  first  engine  seems  to  have  been  made  for  Ik-dworth  in  1770." 

For  the  information  of  tliose  of  our  readers  who  are  not 
familiar  with  the  reason  of  the  difference  between  the  nominal 
horse-power,  and  what  may  bo  called  tho  real  or  effective 
horse-power  of  an  engine,  it  may  be  mentioneil,  that  an  engine 
of  a  given  number  of  nominal  horse-power  can,  during  a 
certain  time,  as  e.  g,  from  one  to  six  hours,  do  the  same 
amount  of  work  as  could  be  done  by  a  like  number  of  horses 
in  the  same  time.  But  it  can  do  more  than  this ;  for  a  living 
horse  can,  on  an  average,  work  effectively,  day  after  day, 
only  for  about  six  hours  out  of  the  twenty-four,  whereas  the 
steam-engine  can  work  for  all  the  twenty-four  hours.  In 
order  to  ascertain  the  number  of  living  horses,  and  therefore 
the  real  horse-power  tliat  would  be  required  to  do  the  same 
amount  of  work  that  is  done  by  an  engine  of  a  given  number 
of  nominal  hor8e-i)Ower,  tho  nominal  horse-power  must  be 
multiplied  by  four. 

Tliis,  accordingly,  is  done  in  calculations  of  the  effective 
j>ower  of  pumj)ing  and  blowing  engines,  where  the  apjilica- 
tion  of  the  steam-power  is  direct.    But  in  rotative  engines, 
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whether  on  land  or  for  boats,  there  is  estunated  to  be  a  loss 
of  power  in  the  action  by  the  crank,  &c.,  as  compared  with 
the  direct  application  in  the  other  case,  which  is  allowed  for 
by  multiplying  the  nominal  power  only  by  three. 

For  the  same  reason,  doubtless,  it  is  that  the  horse-power 
in  pumping  and  blowing-engines  has  always  been  calculated 
with  an  effective  pressure  of  9J  lbs.  on  each  square  inch  of 
the  piston,  while  in  rotative  engines  it  is  only  taken  at  a 
reduced  effective  pressure  of  7  lbs. ;  these  numbers  being 
to  each  other  in  the  same  proportion  as  four  to  three,  or 
3  :  4  : :  7  : 9  J.  We  are  informed,  on  excellent  authority,  that 
"  this  mode  of  calculation  is  that  which  was  adopted  by  the 
"  original  Watty  and  is  stiU  followed  at  the  Soho  works." 

The  continued  success  of  the  Soho  steam-engine  works, 
and  the  high  character  of  aU  their  manufactures,  were  un- 
questionably owing  not  only  to  the  commanding  talents  of 
those  who  presided  over  them,  but  also  to  the  abilities  of 
various  excellent  assistants ;  such  as  were  Southern,  the  two 
Creightons,  P.  Ewart,  and  Lawson,  aU  of  whom,  in  various 
responsible  capacities,  rendered  energetic  and  valuable  ser- 
vice.* But  iiiG  foremost  place  in  that  honourable  rank  wo 
must  assign  to  William  Murdock,  for  upwards  of  half  a  cen- 
tury Mr.  Watt's  most  able,  faithful,  and  esteemed  assistcmt ; 
who,  both  in  his  intellectual  endowments,  and  in  the  manly 
independence  of  his  mind,  possessed  no  inconsiderable  resem- 
blance to  his  revered  master  and  friend. 

Born  in  1754,  at  Bellow  Mill  near  Old  Cumnock  in  Ayr- 
shire, Mr.  Miu-dock  early  manifested  the  most  decided  predi- 
lection for  mechanical  pursuits ;  and  after  qualifying  himself 
for  their  prosecution  chiefly  by  his  own  unaided  industry,  ho 
offered  himself  to  Messrs,  Boulton  and  Watt  in  1776,  or  1777, 


♦  We  may  say  the  same  of  Messrs. 
Gilbert  Hamilton  and  James  Brown, 
to  each  of  whom,  in  acknowledg- 
ment of  their  great  and  long-tried 
skill  in  conducting  that  extensive 
business,  the  late  Mr.  Watt,  of  Aston 
Hall,  bequeathed  a  considerable 
share  in  the   capital    stock  of   the 


present  copartnership  of  James  Wait 
and  Co.  He  no  doubt  felt  satisfied 
that  lie  could  not  take  a  more  effectual 
metliod  of  insuring  prosperity  to  the 
^reat  manufacturing  association,  tho 
interests  of  which  ho  had  so  much  at 
heart. 
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and  was  at  once  employed  by  them  at  Soho  in  superintending 
the  oonstraction  and  erection  of  their  engines.  He  was  soon 
■ent  into  Cornwall  as  the  agent  of  the  firm,  where,  after 
vigorously  contending  with  many  difficulties,  he  ultimately 
saoceeded  in  giving  great  satisfaction  to  the  mining  interest, 
BB  well  as  to  his  own  masters ;  and  he  was  afterwards  em- 
ployed for  nearly  twenty  years  at  Soho  foundry. 

M.  Charles  Dupin,  in  an  interesting  account  which  he  has 
pablished  *  of  the  great  meeting  in  1824,  for  the  purpose  of 
Tcyting  a  monument  to  Watt  in  Westminster  Abbey, — his  pre- 
sence at  which  he  declares  he  will  ever  esteem  as  one  of  the 
most  impressive  and  delightful  recollections  of  his  travels  in 
Great  Britain, — says : — "  There  was  to  be  remarked  among 
5*  the  spectators  a  venerable  old  man,  whose  intrepid  services 
"  I  could  have  wished  had  also  been  rewarded  by  some  flat- 
tering marks  of  public  gratitude.  Mr.  Murdock  directed 
the  application  of  the  new  steam-engines,  to  drain  the  water 
"  of  the  Cornish  mines.  In  order  to  adapt  that  moving 
power  to  exhausting-pumps,  and  to  establish  the  system  in 
mines  of  extreme  depth,  inundated  by  appalling  quantities 
of  water,  great  skill  in  practical  mechanics  was  requisite. 
**  Mr.  Murdock  showetl  that  he  was  full  of  all  the  resources 
•*  of  genius,  and  the  wisdom  of  experience,  so  as  to  triumph 
**  over  every  difficulty.  Scarcely  had  those  obstacles  been 
"  surmounted,  than  the  proprietors  of  the  mines  sought  to 
**  deprive  Messrs.  Watt  and  Boulton  of  the  benefit  of  tlie 
**  agreement  into  which  they  had  mutually  entered.  But  the 
**  incorruptible  Murdock  showed  himself  insensible  to  every 
temptation;  he  long  witlistood  all  menaces,  and  retired 
only  when  he  saw  the  cupidity  of  the  men  whose  frauds  lie 
defeated,  threatening  to  destroy  him  in  the  mines  by  throw- 
ing him  down  their  pits."  Of  this  last  anecdote  of  M. 
Dupin  we  have  heard,  from  the  late  Mr.  Watt,  another  ver- 
sion which  is  somewhat  different,  and,  for  many  reasons,  more 
likely  to  be  correct ; — viz.,  that  some  of  the  "  captains "  of 
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^  *  Dificoun   ot  Lemons   snr  Tin-     '  siir   les   Scicnoos   appliquccs    aux 
'  diutrie,  lo  Commorco,  la  Muxine,  ct     '  Arts,*  torn.  i.  p.  202,  1825. 
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the  Cornish  mines,  on  occasion  of  a  meeting  of  seyeral  of 
their  number  with  Murdock  on  business  connected  with  the 
engines,  having  attempted  to  bully  him,  he  quietly  locked 
the  door  of  the  room  in  which  they  were  assembled,  stripped, 
and,  making  a  dexterous  use  of  those  arms  with  which  Nature 
had  supplied  him,  administered  to  more  than  one  of  their 
number  a  lesson  of  persuasive  eflScacy,  such  as  they  would 
never  forget,  and  such  as  he  was  never  called  on  to  repeat. 
He  was,  in  truth,  of  Herculean  proportions,  and  in  muscular 
power  nearly  unrivalled. 

M.  Dupin  adds,  that  he  could  have  wished  to  have  seen 
Watt,  who  was  so  pre-eminent  in  the  art  of  discovering  and 
attracting  to  himself  men  endowed  with  rare  talent,  recom- 
pensing the  skill,  the  energy,  and  the  integrity  of  Mr.  Mur- 
dock, by  assuming  him  as  a  partner  along  with  Mt.  Boulton, 
in  their  grand  and  rich  enterprise.  But  here  also  we  have 
it  in  our  power  to  dispel  the  anxiety  which  M.  Dupin  thus 
again, — perhaps  somewhat  needlessly, — felt  it  incumbent  on 
him  to  manifest  on  behalf  of  Mr.  Murdock.  For  although 
never  formally  assimied  as  a  partner  in  the  Soho  concern, 
and,  therefore,  remaimng  always  exempt  from  all  chance  of 
loss  in  case  of  that  business  at  any  time  failing  of  success,  he 
always  received  a  liberal  income  from  his  employers;  and 
from  1810  to  1830,  he  was  placed  on  the  footing  of  a  partner j 
without  having  to  advance  a  shilling  of  capital  to  the  part- 
nership funds,  without  the  risk  of  incurring  any  liability,  and 
with  a  fixed  salary  of  lOOOZ.  per  annum,  assigned  to  him  in 
lieu  of  a  share  of  the  fluctuating  profits.  From  1830,  he 
lived  in  peaceful  retirement  in  the  neighbourhood  of  those 
works  to  which  his  energies  had  been  successfully  devoted, 
until  his  death,  which  occiured  in  1839.  His  remains  are 
deposited  in  Handsworth  church,  near  those  of  Mr.  Boulton 
and  Mr.  Watt ;  where  "  a  bust  by  Chantrey  serves  to  per- 
"  petuate  the  remembrance  of  his  manly  and  intelligent  fea* 
"  tures,"  and  of  the  mind  of  which  they  were  a  pleasing 
index.  There  is  also  a  fine  portrait  of  Mr.  Murdock  in  the 
haU  of  the  Eoyal  Society  of  Edinburgh,  of  which' he  was  a 
Fellow. 
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On  the  subject  of  the  economical  employment  of  gas-light 
from  coal,  his  systematic  experiments  commenced  in  1792. 
For  hLs  paper  on  that  subject  presented  to  the  Royal  Society 
in  1808,  which  was  read  by  Sir  Joseph  Banks,  and  printed  in 
the  'Philosophical  Transactions  *  for  that  year,  (pp.  124-132),  ho 
received  the  large  Eumford  gold  medal ;  and  he  will  ever  be 
known  as  the  true  inventor  of  the  beautiful  system  of  lighting 
by  gas.  "  The  original  inventor  of  tliis  application  of  the 
gases,"  says  Mr.  Watt  in  1809,  "  is  Sir.  William  Murdock, 
a  most  ingeuious  man,  now  at  Soho  here,  under  whose  di- 
rections several  very  large  manufactories  have  been  hghtod, 
at  Manchester  and  elsewhere,  by  Boultoii,  Watt,  and  Com- 
pany. Mr.  M.'s  invention  is  of  fifteen  or  twenty  years* 
•*  standing.  I  saw  it  employed  at  Soho  in  the  fireworks  for 
•*  the  celebration  of  the  last  peace."  While  jMr.  Murdock's 
improvements  on  this  subject  were  in  progress,  Mr.  Watt  hap- 
pening to  hear  a  lady  express  admiration  of  the  introduction 
of  water  by  pipes  into  all  the  dwelling-houses  of  a  large  city, 
remarked  that  he  hoped  it  would  not  bo  long  before  she 
would  see  fire  and  light  introduced  in  the  same  manner ;  a 
prediction  which  then  sounded  strange  enough,  and  yet  was 
literally  fulfilled.  But  that  is  by  no  means  the  only  useful 
discovery  with  which  jMr.  ]\Iurdock's  name  is  associated.  Ho 
secured  by  patent,  in  1791),  "certain  new  metliods  of  con- 
"  structing  steam-engines ;"  and,  in  1810,  "  an  improved 
**  method  for  boring  pii)es,  cylinders,  and  circular  disks,  out  of 
"  solid  blocks  and  slabs  of  stone  of  any  kind  or  description." 
In  1809  he  made  known,  (not  securing  it  by  a  patent),  a 
new  method  of  refining  i)orter,  &c.,  without  the  aid  of  isin- 
glass, then,  as  now,  a  most  expensive  material ;  and  for  this 
he  received  a  substantial  and  handsome  reward  from  the 
brewers  of  the  metropolis.  The  working-model  of  tlie  steam- 
carriage  of  1784*  shows  how  aptly  he  carried  out  the 
designs  contcuned  in  the  specifications  of  Mr.  Watt;  and 
tlie  oscillating  cylinder  t  is  only  one  of  very  numerous  and 


•  Sco  the  •Mwlmnical  InvcntioiiH     p.  450,  hfra, 
of  Watt,'  vol.  iu.  plate  XXIX. ;  and  f  Ibid,  jdate  XXXIV. 
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valuable  suggestions  with  which  he  enriched  the  Soho  ma- 
chinery. 

Although  the  commencement  of  the  new  eera  in  the  history 
of  Soho  found  Mr.  Watt  already  past  what  is  conunonly  called 
the  grand  climacteric  of  man's  life,  he  happily  long  lived  to 
witness  the  continued  stability  and  immense  progressive  in- 
crease of  his  business,  in  the  hands  of  those  dear  to  himself. 
His  health  had  never,  from  his  childhood,  been  robust ;  and 
it  still  was  variable ;  but  it  had  strengthened  as  his  age  ad- 
vanced, and  had  never,  perhaps,  been  worse  than  what  one 
of  his  engineering  friends  called  "  a  sort  of  counterpoise  to 
"  prosperity,  success,  or  happiness, — or,  to  speak  more  in  our 
"  own  way,  a  kind  of  fly-wheels  to  the  machinery ;"  ♦  the 
fatigue  of  those  very  exertions  which  his  laborious  life  had 
rendered  compulsory  seeming  to  have  fortified  rather  than  to 
have  enfeebled  his  frame.  His  spirits  also  became  naturally 
more  equable,  as  the  principal  causes  of  his  anxiety  and 
occasional  depression  were  removed;  and,  while  he  was 
destined  to  be  one  of  those  "  so  strong  that  they  come  to 
"  fourscore  years,"  his  strength  even  then,  as  it  could  scarcely 
be  termed  "  labour,"  was  certainly  very  far  from  "  sorrow." 
The  period,  indeed,  which  commenced  with  the  new  century, 
and  brought  him  a  release  from  active  business,  was  a  serene 
and  golden  time;  in  wliich,  peacefully  reposing  from  the 
honourable  toil  of  his  earlier  days,  he  foimd  a  calm  and  con- 
stant satisfaction  in  their  retrospect;  and  those  hours  of 
happy  leisure  were  no  less  delightful  to  himself  than  instruc- 
tive to  the  "  troops  of  friends  "  who,  in  common  with  all  that 
can  add  dignity  or  cheerfulness  to  old  age,  were  gathered 
around  him. 

A  wide  range  of  subjects  of  a  scientific  and  useful  nature 
contiimed  to  attract  the  notice  of  his  inquiring  mind.  Among 
other  pursuits,  he  had  been  induced,  by  the  sorrow  he  expe- 
rienced in  losing  his  daughter,  who  died  of  consumption  at 
an  early  age,  "  to  step,"  as  he  expressed  it,  "  over  the  bounds 


♦  Mr.  Tolford  to  Mr.  Wult,  17  December,  1801. 
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**  of  his  profession,"  and  to  communicate  to  Dr.  Beddoes  the 
ideas  he  entertained  on  the  employment  of  "pneumatic 
"  medicines."  It  appeared  to  him  that  if  poisons  could  be 
carried  into  the  system  of  the  lungs,  remedies  might  be 
thrown  in  by  the  same  channel ;  and  that,  although  there 
seemed  to  be  objections  to  the  introduction,  in  that  way,  of 
powders,  such  as  of  Penivian  bark,  &c.,  however  finely  they 
might  be  mechanically  di>ided,  yet  that  if  the  virtues  of  such 
substances  could  be  obtained  by  solution  or  suspension  in  air 
of  some  species,  they  might  have  their  full  eifect  when  inhaled 
and  respired.  With  the  view  of  aiding  medical  practitioners, 
as  well  as  private  patients,  in  their  experiments  and  researches 
on  this  subject,  he  contrived  a  convenient  apparatus  for  the 
preparation  and  inhalation  of  the  various  airs,  which  was  ex- 
tensively manufacturc<l  for  sale  at  Soho.  He  also  in  many 
ways  greatly  aided  Dr.  Beddoes  in  his  establishment  of  the 
Pneumatic  Institution  at  Clifton,  near  Bristol :  an  establish- 
ment famous  for  having  early  profited  by  the  services,  and 
developed  the  chemical  talents,  of  Humphry  Davy.  The 
system  from  which  Beddoes  hoped  so  much,  although  it  has 
never  yet  realised  his  large  expectations,  seemed  at  first  to 
produce  some  remarkable  results ;  and  it  is  impossible  to 
despise  the  importance  of  facts,  or  to  overlook  the  ingenuity 
of  deductions  which  were  contributed  by  men  such  as  Bed- 
does,  Jenner,  Edgeworth,  Humphry  Dav)',  and  Watt,  and 
which  led  all  of  them  to  expect  eflects  of  an  extensively 
samitive  and  beneficial  character.* 

It  was  always  a  favourite  wish  of  Mr.  Watt's  heart  to  pro- 
mote the  attainment  by  others  of  that  spirit  of  industrious 
research  and  invention  by  which  he  had  liimself  been  so  en- 
tirely governed ;  and  the  following  is  a  letter  by  which  he 
founded,  in  1808,  a  prize  in  Glasgow  College,  as  some  ac- 
knowledgment on  his  part  of  "the  many  favours"  that 
learned  body  had  conferred  upon  him,  and  of  his  sense  of  the 
importance  of  promoting  the  special  study  of  the  sciences  of 

*  S<H)  the  •  Consiilerations  ou  the  •  Quantities/  &o.,  by  Dr.  IJcddoos  and 
'U»o  of  Factitious  Aire,  and  on  the  Mr.  Watt,  published  at  Bristol  in 
•  Manner  of  obtaining  them  in  largo      1794, 1795,  and  1796. 
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natural  philosophy  and  chemistry.     It  is  addressed  to  the 
Rev.  Dr.  William  Taylor,  the  PrincipaL 

**  Heathfield,  BirmiDgham,  June  3rd,  1808. 

"  Reverend  Sir, — I  take  the  liberty  of  requesting  you,  in 
"  your  official  capacity,  to  commimicate  the  following  propo- 
"  sition  to  the  Faculty  of  your  University,  and,  on  my  part, 
"  to  request  their  favourable  acceptance  of  it 

"  Entertaining  a  due  sense  of  the  many  favours  conferred 
"  upon  me  by  the  University  of  Glasgow,  I  wish  to  leave 
"  them  some  memorial  of  my  gratitude,  and,  at  the  same 
"  time,  to  excite  a  spirit  of  inquiry  and  exertion  among  the 
"  students  of  Natural  Philosophy  and  Chemistry  attending 
"  the  College ;  which  appears  to  me  the  more  useful,  as  the 
"  very  existence  of  Brittdn,  as  a  nation,  seems  to  me,  in  great 
"  measure,  to  depend  upon  her  exertions  in  science  and  in 
"  the  arts.  I  therefore  propose  to  settle  3001.  upon  the  Col- 
"  lege,  in  Trust,  to  be  laid  out  at  the  best  interest,  upon 
"  landed  security,  101.  of  which  to  be  given  annually  as  a 
"  premium  for  the  best  essay  on  some  subject  in  one  of  the 
"  branches  of  Natural  Philosophy  hereinafter  mentioned, 
"  which  shall  be  appointed  by  a  majority  of  the  Principal, 
"  Professors,  and  Lecturers  of  the  University,  and  which 
"  shall  be  composed  by  any  actual  student  of  the  University 
"  who  shall  have  gone  through  a  regular  course  of  Languages 
"  and  Philosophy,  either  at  Glasgow  or  in  any  other  Scottish 
"  University.  The  prize  to  be  adjudged  by  the  majority 
"  above  mentioned,  in  conjunction  with  Gilbert  Hamilton, 
Esq.,  my  brother-in-law,  so  long  as  he  shall  live ;  and  [it] 
shall  be  subjected  to  the  same  rules  and  regulations,  as  to 
"  the  time  and  manner  of  giving  it  in,  as  the  other  prize- 
"  essays  appointed  by  the  University.  If  in  any  year  no 
"  essay  shall  be  judged  worthy  of  the  prize,  the  same  subject 
"  shall  be  re-appointed  for  the  following  year,  and  the  pre- 
"  miimi  reserved  for  it  to  be  adjudged  at  the  same  time  with 
"  the  premium  for  such  other  subject  as  shall  be  regularly 
"  appointed  for  such  year ;  and  if  then  no  adequate  essay 
"  shall  appear,  the  said  premium  to  be  added  to  the  prin- 
*'  cipal  sum. 
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**  I  know  not  whether  the  interest  will  bo  subject  to  tlio 
"  property-tax ;  but,  in  any  case,  the  surplus,  whatever  it 
**  may  be,  after  paying  the  premiums,  and  10«.  6d,  to  the 
clerk  of  the  meeting,  is  to  bo  added  to  the  principal 
annuity ;  until  it  shall  accumulate  so  that  the  interest  shall 
**  be  able  to  aflford  two  premiums  on  two  subjects,  to  be 
*'  appointed  as  aforesaid. 

"  I  had  at  first  intended  that  the  subjects  for  the  prizo- 
**  essay  should  be  taken  from  any  branch  of  Natural  Philo- 
**  sophy  or  Chemistry ;  and  now  think  it  proi)er  to  restrict 
"  them  to  the  following  branches,  and  in  tlie  follo^ving 
"  rotation  : — 

"  First  Year,  to  any  branch  of  Mechanics,  or  its  dependent 
"Arts. 

"Second  Year,  to  Statics,  and  the  Machines  and  Arts 
**  dependent. 

"  Third  Year,  to  Pneumatics,  Statical  or  Chemical  Ma- 
"  chines  and  Arts. 

"  Fourth  Year,  to  Hydraulics,  Hydrostatics,  their  Machines 
"  and  Arts. 

"  Fifth  Year,  to  Chemistry,  its  Arts  and  Apparatus. 
"  The  Sixth  Year,  the  rotation  to  begin  with  Mechanics,  as 
**  before,  and  so  on  by  five  years'  rotaticjns. 

"  I  should  request  a  copy  of  the  successful  essay  to  be  sent 
"  me  annually,  and,  after  my  decease,  to  my  male  represcnta- 
"  tive ;  and  I  request  that  no  public  mention  may  be  made 
"  of  this  donation,  by  paragraplis  in  the  newspapers,  or  other- 
"  wise,  until  a  prize  come  to  be  adjudged ;  [I]  not  being,  as 
"  far  as  I  know,  actuated  by  vanity,  but  by  a  desire  to  stimu- 
"  late  others  to  do  as  I  have  done. 

"  I  reserve  to  myself,  at  any  time  during  my  life,  by  any 
"  writing  under  my  hand,  to  change  either  the  rotation  or  the 
"  subjects  of  the  essays,  as  well  as  the  other  regulations  con- 
"  coming  them. 

"  Should  what  I  now  proi)ose  meet  the  approbation  of  the 
"  Faculty,  I  shall  immediately  direct  a  projier  dee<l  to  be 
"  drawn,  and  the  money  to  be  paid  to  their  order. 

"  Requesting  you,  Sir,  to  accept  my  most  respectful  com- 
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"  pliments,  and  to  present  them  to  all  the  other  monbencf 
''  the  Faculty,  I  have  the  honour  to  remam,  BeYerend  Sn; 
<'  your  most  obliged^  and  most  obedient  humble  semnt» 
"  James  Watt."  ♦ 

Some  years  later,  also,  (in  1816),  he  made  a  dcMiatkn  to 
the  town  of  Greenock,  for  the  purj)ose  of  purchasing  sckndfe 
books  for  the  use  of  the  mathematical  school  of  the  pliee, 
under  the  care  and  guardianship  of  the  magistrates  andtDVih 
council :  liis  intention  being  ^^  to  form  the  beginning  of  t  so- 
"  entific  library  for  the  instruction  of  the  youth  of  Greenock, 
"  in  the  hope  of  prompting  others  to  add  to  it,  and  of  ro- 
'^  dering  his  townsmen  as  eminent  for  their  knowledge  u 
"  they  are  for  their  spirit  of  enterprise."  This  design,  cm^ 
ried  out  (as  he  wished)  by  his  townsmen,  with  the  nmnificeot 
aid  of  his  son,  the  late  Mr.  James  Watt,  lias  been  at  last  ood- 
pleted;  and  a  large  and  handsome  building,  containing  the 


*  This  letter  has  been  already 
printed  in  a  Tolnme  prepared  for 
private  circulation,  entitl^  'Deeds 
'  instituting  Bursaries,  Scholarsliips, 
'  and  other  Foundations,  in  the  Col- 
*  lege  and  University  of  Glasgow/ 
4to..  1850.  pp.  216-218.  It  is  there 
stated,  tliat  "  tlie  Faculty  having 
"  gratefully  accepted  tliis  donation, 
*•  on  the  terms  proposed  by  Dr.  Watt 
"  himself,  no  further  Deed  of  Founda- 
"  tion  seems  to  have  been  considered 
••  requisite." 

Wo  liave,  however,  ascertained,  on 
examiuine  Mr.  W^att's  correspondence, 
that,  on  the  Ist  of  July,  1808,  lie  en- 
closed to  Mr.  G.  Hamilton,  to  be  put 
into  propter  form  by  Mr.  Keddie,  one 
of  the  town-clerks  of  CJlasgow,  the 
draft  of  a  contract,  in  which  the 
principles  set  forth  in  his  letter  of 
3rd  June  to  the  Princiiml  of  the  Col- 
lego  were  carried  out  on  tlie  one 
part,  and  on  the  other  part  tlie  Prin- 
cipal and  Professors  of  the  i*ai<l  Col- 
lege bound  themselves  to  perform  all 
the  conditions  of  the  eontnict,  under 
penalty  of  forfeiture  of  the  said  sum 
of  806Z.,  with  all  accumulations  of 
interest.  On  the  14th  of  July,  Mr. 
Beddie  had  received  tlie  draft,  and 
promised  to  do  what  was  required  as 
speedily  as  he  could.  On  the  15th 
of  August^  Mr.  Watt  sends  to  Mr. 
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Hamilton  the  *  Detnl  of  GiA,'  vhvk 
he  had  executed,  desiring  thit  Ml 
Beddie  mi^ht  get  a  proper  iw*a>< 
written  on  it,  and  diri.>ct  who  tbooU 
sign  it  (on  the  ptirt  of  the  0»Ueff  : 
"  and  when  signed,"  adds  Mr.'W, 
••  you  will  pleaise  to  get  it  regirtfl*A' 
On  the  23rd  October  he  writ*  s  to  Mt 
H.— "  I  am  c^lad  that  the  liodM* 
with  the  College  is  at  loat  »Ukl 
^  ^  *  When  you  are  moiv  n- 
"  covered  I  shall  lie  ghid  to  haJt  u 
•*  extract  of  the  deed  from  the  Tow 
"  books."  And  on  the  11th  Nov.  be 
thanks  Mr.  Hamilton  for  his  att*^iitiui 
"  in  procuring  "  the  extract  of  ike 
trust-deed  to  the  College. 

This  was  not  very  inauy  day*  be- 
fore the  deatli  of  Mr.  Hamiltda. 
"  than  whom,"  writes  Mr.  Watt, « 
the  4th  Dec,  *•  I  never  Imew  a  mow 
**  friendly  or  worthy  man,  nor  oae 
"  more  useful  to  society ;"  ami  <m 
the  24th  of  the  same  montli  he  writtf 
to  liis  cousin,  Mr.  Robert  Moirikid, 
I  had  named  Mr.  Hamilton  m  <w 
of  the  judges,  in  deciding  tbe 
merits  of  ^e  prize-essays  to  he 
given  [in]  in  consi>quence  of  my 
donation  to  the  College;  but  1m 
having  vacated  the  place  1mfo^ 
tunately,  I  shall  appoint  yon,  if  yoi 
pk^aso  to  do  me  tho  honour  of  t^ 
coptLng  it.' 
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library  and  a  beautiful  memorial  statue  of  its  founder,  by 
Dfaantrey,  is  now  a  principal  ornament  of  that  busy  and  pros- 
perous seaport,  which  boasts  that  James  Watt  was  bom  in  her. 
Nor,  amid  such  donations,  given  as  aids  to  the  promotion 
df  sound  and  useful  learning,  were  others  wanting  on  his 
fart,  such  as  true  religion  prescribes,  to  console  the  poor  and 
reUeve  the  suffering.  But  those  his  benefactions,  which  were 
also  secret,  being  usually  accompanied  at  the  time  by  an 
injunction  not  to  make  known  the  name  of  the  donor,  we 
shall  not  here  seek  farther  to  disclose ;  preferring  to  dwell  on 
the  comfortable  truth,  that  "  there  be  some  })ersons  that  will 
"  not  receive  a  reward  for  that  for  which  God  accounts  Him- 
•*  self  a  debtor :  persons  that  dare  trust  God  with  their  charity, 
"  and  without  a  Avitness."  * 


♦  Inak  Walton.  •  Life  of  Dr.  John  Donno/  p.  54.  ed.  Oxford.  1824. 
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CHAPTER  XXV. 

STSAM-KAVIOATTOK  —  ITS  ORIGIN  AKD  PB0GRE88  —  PADDLX-WHESLB  — 
EARLY  8TEAM-B0AT8  —  PAPIN,  HULLS,  MILLEB,  BTMINGTON,  PULTON, 
HBNRT  BELL,  ETC. — MB.  JAMES  WATT,  JUNIOR  —  HIS  VOYAGE  IN  THE 
"  CALEDONIA,"  IN  1817,  TO  GERMANY,  BELGIUM,  AND  HOLLAND  — 
H.M.B.  THE  "JAMES  WATT" — NAVAL  REVIEW  IN  1856  —  LOCOMOTIVE 
STEAM-CARRIAGES  —  MB.  WATT'S  PATENT,  AND  MB.  MUBDOCK'S  MODEL, 
OF  1784  —  MB.  watt's  views  OP  LOCOMOTION  ON  LAND  BY  STEAM  — 
EDGEWOBTH's   suggestion  of  a   BAILBOAD  —  LATIN   EPIGRAM. 

A  SUBJECT  which  naturally  excited  a  deep,  and,  indeed,  at 
one  time,  rather  an  anxious  interest  in  the  breast  of  the  great 
engineer,  when  resting  in  his  latter  days  from  the  severer 
labours  of  his  life, — 

"  A  guisa  di  leon  quando  si  posa,** 

was  that  of  steam-navigation.  With  every  confidence  in  the 
probable  success  of  such  a  system,  he  seems  never  in  any  very 
especial  manner  to  have  directed  the  force  of  his  own  mind 
to  the  details  requisite  for  carrying  it  out;  a  circumstance 
which  is  quite  explained  by  the  constant  demands  on  his 
time  and  attention  made  by  other  branches  of  the  steam- 
engine  business,  so  long  as  he  continued  to  be  actively  engaged 
in  its  prosecution.  But,  in  times  widely  different  from  those 
in  which  he  had  asked  his  memorable  question  as  to  whether 
"  a  spiral  oar"  or  "two  wheels"  were  to  be  preferred  for 
navigation  by  steam,  he  lived  to  know  of  the  first  complete 
and  practically  useful  steam-boat  being  successfully  employed 
in  America ;  as  well  as  of  the  British  Channel  being  crossed, 
and  the  Bhine  navigated  by- another;  both  vessels, — the 
American  and  the  British, — Shaving  been  impelled  by  engines 
manufactured  at  Soho,  constructed  on  the  principles  invented 
by  himself,  and  not  without  the  benefit  of  his  own  direct 
inspection  and  counsels. 
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We  have  no  intention  of  here  entering  at  any  considerable 
length  on  the  history  of  steam-navigation, — a  snbject  which 
bas  abeady  been  treated  of  by  various  competent  authorities, 
and  which  perhaps  offers  materials  for  a  still  more  compre- 
hensive work  than  any  that  have  yet  appeared.  But  it  may 
generally  be  remarked,  that  the  introduction  of  that  most 
▼alaable  mode  of  conveyance  and  transport  has  been  quite 
dependent  upon,  and  nearly  co-ordinate  with,  Mr.  Watt's 
improvements  on  the  steam-engine;  that  before  those  im- 
piOYements  were  made  known  to  the  world,  nothing  of  any 
importance  in  that  way  had  been  accomplished,  and  little 
even  attempted  or  imagined ;  and  that  since  the  full  deve- 
lopment of  those  improvements,  that  perfection  of  power  and 
safety  with  which  the  ocean  is  now  traversed  in  every  direc^ 
tion  and  to  any  distance,  by  vessels  impelled  by  steam,  has 
been  rapidly  and  triumphantly  attained.  The  steam-vessels 
of  modem  times  may  well  remind  us  of  the 

"  Wondrous  ships  self-mov'd,  instinct  with  mind,"  ♦ 
of  Alcinous  and  his  Pha^acians.     Nor  is  the 
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**  'Hc'pt  Koi  P€<f)€\7f  /ccKuXv/iftcVat,*' — 

"  Swiftly  and  secretly  they  cross  the  main, 
"  In  mist  and  cloud  enveloped," — 

of  the  original,  less  forcibly  descriptive.     We  wish  we  could 
with  equal  verisimilitude  continue  the  quotation : — - 
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"  O0T€  Tt  irr}fiav6rjvai  tin  hios,  ovd'  diroXcV^ac !  **  f 

^  " nor  need  they  ever  dread 

"  Disaster  or  destruction !  " 

To  this  end  the  ingenious  industry  of  many  successive  en- 
gineers and  mechanics  has,  it  is  true,  eventually  conduced :  but 
the  master-key  which  unlocked  the  power  required  for  the  per- 
formance of  such  a  task,  was  the  condensation  of  steam  in  a 
vessel  separate  from  the  cylinder,  together  with  the  means  of 
converting  the  rectilineal  motion  of  the  piston-rod  into  a  rota- 

*  Pope's  Homer's  Odyssey,  b.  viii.  1.  604.  t  OAXXX,  8,  637-9. 
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live  one  for  paddle-wheels,  or,  as  now  practised,  for  a  screw- 
propeller,  or  "  spiral  oar." 

We  have  already  sufficiently  exposed  the  fictitious  letter  in 
which  Solomon  De  Caus  is  made  to  talk,  in  1641,  to  an 
imaginary  Marquis,  of  "  navigating  ships,"  as  well  as  of  moving 
carriages,  and  of  working  other  miracles  by  means  of  steam. 
But  the  mere  use  of  paddle-wheels,  "  remi  rotatiles,"  or  "  rames 
"  tournantes,"  moved  by  animal  force,  for  the  progression  of 
boats,  appears  to  have  been  of  considerable  antiquity.  Not  to 
carry  our  inquiries  further  back,  they  have  been  fully  described 
by  Valturius,  in  his  great  work  on  the  '  Science  of  War,'  in 
1472 ;  by  William  Bourne,  in  1578 ;  by  Denis  Papin,  (as  having 
been  seen  by  him  in  use  in  England,  probably  in  1682),  in 
1690 ;  by  Savery,  in  1698  ;  by  Du  Quet,  in  1702  and  1735 ; 
by  the  Comte  de  Saxe,  in  1732,  &c.  Papin,  also,  in  1690, 
unquestionably  suggested  the  employment  of  the  atmosphere 
as  a  power,  with  a  vacuum  formed  by  the  condensation  of 
steam  beneath  a  piston  in  a  cylinder,  the  power  being  com- 
municated by  toothed  and  paddle-wheels  "  ad  naves  ad  verso 
"  vento  provehendas  :"•  and  he  represented  the  greatest  pro- 
bable obstacle  to  the  construction  of  such  a  machine  to  be 
the  difficulty  of  getting  cylinders,  of  adequate  size,  sufficiently 
well  made  for  the  purpose  they  were  intended  to  serve.  Of 
the  mere  ingenuity  of  his  suggestion,  so  far  as  it  went,  there 
cannot,  of  course,  be  a  doubt ;  but  this,  like  some  others  of 
his  mechanical  ideas,  he  seems  not  to  have  seriously  attempted 
to  reduce  to  practice,  and,  if  he  had  done  so,  he  would  have 
found  how  entirely  insufficient  was  the  apparatus  he  proposed, 
now  dignified  by  some  writers  with  the  name  of  his  steam- 
engine,  to  produce  such  efiects  as  he  desired.  The  mecha- 
nical difficulty,  also,  which  he  has  specified,  although  unques- 
tionably very  considerable,  was  only  one  of  many,  not  less 
formidable,  which  Mr.  Watt's  more  comprehensive  view 
foresaw;  and  which  it  needed  all  the  most  constant  and 
anxious  exertions  of  his  more  powerful  practical  genius  to 
encounter  and  overcome.     Since  the  days  of  Papin,  indeed, 


See  p.  145,  tuprii. 
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the  experience  of  a  century  and  a  lialf  has  fully  enabled  us  to 
judge  how  great  was  the  distance  between  the  iin2)erfect  con- 
ception of  a  project,  such  as  ho  suggested  in  the  passage 
quoted  above,  and  its  successful  consummation. 

It  still,  curiously  enough,  remains  uncertain  whether  Jona- 
than Hulls  caiTied  into  effect  the  more  elaborate  invention 
for  which  he  obtained  a  patent  in  173(),  and  which  he  set 
forth  in  his  celebrated  pamphlet  entitled  *  A  Description  and 

*  Draught  of  a  new-invented  Macliine  for  carrying  Vessels  or 

*  Ships  out  of  or  into  any  Harbour,  Port,  or  Kivcr,  against 

*  Wind  and  Tide,  or  in  a  Calm :'  London,  1737.  liut  he  has, 
at  least,  minutely  described  the  introduction  of  a  Xewcomen's 
engine  into  a  large  boat  or  barge  to  be  emjJoyed  as  a  tug, 
and  has  dehneated  such  a  vessel,  fitted  with  fan  (or  paddle) 
wheels,  towing  a  sldp  of  war  of  upwards  of  thirty  guns.  His 
work,  which  seems  to  have  been  long  overlooked,  is  now  not 
common,  and  it  is  still  more  rare  to  meet  with  a  copy  con- 
taining the  curious  and  highly  illustrative  engraving  which 
forms  its  frontispiece;  but  it  aflbrds  the  strongest  evidence 
which  we  possess,  of  a  marine  atmospheric  steam-engine, 
working  by  piwldle-wheels,  having  been  constructed,— or,  at 
all  events,  fully  devised  and  figured  in  action, — so  early  as 
the  period  in  question. 

After  the  date  of  Mr.  Watt's  patent  of  17G9,  (the  great 
pivot  on  which  all  real  advancement  in  the  steam-machinery 
of  modem  times  has  turned),  it  is  said  that,  in  the  United 
States,  Mr.  Ellicot,  in  1775,  and  T.  Paine,  (less  favourably 
known  by  Ids  writings),  in  1778,  suggested  the  use  of  steam 
for  propellmg  boats;  as  the  Abbe  Arnal  did  in  France  in 
1781,  for  inland  navigation ;  while  in  1782  the  Marquis 
Jouffroy  built  a  steam-boat,  which  was  tried  on  the  Safinc, 
but  did  not  succeed.  In  1783,  Mr.  James  Kmnsey  of  Vir- 
ginia and  Mr.  John  Fitch  of  Philadelpliia  both  proposed 
methods  of  propelling  boats,  the  one  by  a  current  of  water 
forced  out  at  the  stern,  and  the  other  by  paddles,  but  not  in 
tlie  form  of  wheels.  It  is  said  that  3Ir.  Fitch  constructed  a 
Bteam-boat  which  was  navigated  between  Bordentown  and 
Philadelphia,  but  was  soon  laid  aside. 
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In  1787,  Mr.  Miller  of  Dalswinton  published  a  description, 
with  engravings,  of  a  triple  vessel,  propelled  by  paddle-wheels, 
turned  by  means  of  cranks,  intended  to  be  worked  by  men ; 
adding,  "  I  have  also  reason  to  believe  that  the  power  of  the 
'*  steam-engine  may  be  applied  to  work  the  wheels,  so  as  to 
give  them  a  quicker  motion,  and,  consequently,  to  increase 
that  of  the  ship."  In  1788,  Mr.  MiUer  employed  Mr.  Wil- 
liam Symington,  of  Wanlockhead,  in  Dumfries-shire,  along 
with  Mr.  James  Taylor,  to  superintend  the  construction  of  a 
small  steam-engine  in  a  pleasure-boat  on  Dalswinton  Loch. 
This  succeeding  well,  induced  him  to  employ  Mr.  Symington 
to  construct  a  larger  steam-engine  at  Carron,  for  one  of  Mr. 
Miller  s  boats  on  the  Forth  and  Clyde  Canal,  which  was  tried 
in  1789,  and  a  speed  of  about  seven  miles  an  hour  attained ; 
but  from  other  objections,  (chiefly  to  the  want  of  solidity  in 
the  machinery),  from  Mr.  Miller's  want  of  confidence  in  its 
ultimate  success,  and  his  attention  being  diverted  to  other 
pursuits,  the  boat  was  soon  afterwards  dismantled,  and  the 
engine  removed  from  it.  It  has  been  lately  stated  that  about 
the  year  1787  Messrs.  Fumau  and  Ashton  made  experiments 
in  steam-navigation  on  the  river  at  Hull,  which  ended  in 
their  building  a  boat  which  for  some  time  plied  between 
Beverley  and  Hull,  and  another  of  a  larger  size,  which  was 
bought  by  the  Prince  of  Wales,  afterwards  George  IV.,  and 
fitted  up  as  a  pleasure  yacht.  The  latter  vessel  is  said  to 
have  been  burned :  what  became  of  the  former  is  not  stated. 

From  January,  1801,  till  April,  1803,  Mr.  Symington  was 
employed  by  Lord  Dundas  to  make  a  series  of  experiments 
on  steam-boats,  with  the  view  of  their  being  used  on  the  Forth 
and  Clyde  Canal;  and  the  towing-vessel,  the  "Charlotte 
"  Dundas,"  which  he  then  constructed,  appears  to  have  been 
entirely  successful,  in  so  far  as  regarded  moderate  power  and 
speed.  The  use  of  this  vessel,  however,  on  the  canal  was 
discontinued  in  consequence  of  the  injury  which  it  was  appre- 
hended the  washing  of  the  waves  in  its  wake  might  do  to  the 
banks ;  and  although  the  Duke  of  Bridgewater  was  so  satis- 
fied of  the  advantages  of  the  invention  as  to  have  given  Mr. 
Symington  an  order  to  build  eight  similar  boats,  to  be  used 
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on  his  canal,  yet  the  hopes  of  the  enterprising  inventor  were 
destined  to  be  crushed  just  at  the  very  ''  moment  of  projec- 
**  tion ;"  for  "  the  same  day  that  he  was  informed  by  Lord 
*^  Dundas  of  the  final  determination  of  the  Committee  not  to 
«  allow  steam-boats  to  be  employed  on  the  canal,  he  received 
*•  intelligence  of  the  death  of  the  Duke  of  Bridgewater.'** 

In  1801,  Symington's  steam-boat  was  visited,  minutely 
inspected,  and  tried,  by  Robert  Fulton,  a  native  of  Pennsyl- 
vania, (the  son  of  an  emigrant  from  DumMes-shire) ;  who,  as 
an  engineer, — not  merely  an  amateur, — devoted  much  time 
and  attention  to  the  subject  of  steam-navigation.  And  early 
in  1802,  he  being  tlien  resident  in  Paris,  and  in  fuU  commu- 
nication  with  Mr.  Li\dngstoue,  the  envoy  from  the  United 
States  to  France,  who  appears  to  have  been  attached  to 
annilar  pursuits,  he  addressed  a  letter  to  Mr.  James  Watt, 
jnn.,  in  which  he  inquired  the  price  and  other  particulars  of  a 
small  engine  of  five  horse-power.  In  a  letter  written  a  week 
later,  he  made  inquiries  as  to  the  employment  of  high  degrees 
of  heat  in  small  engines,  and  the  limit  to  which  it  might  be 
carried,  in  order  to  render  them  light  and  compact, — for  this, 
with  his  views,  was  necessarily  a  cardinal  point, — and  then 
he  went  on  to  say,  "  The  object  of  my  investigation  is  to  find 
^  whether  it  is  possible  to  apply  tlie  engine  to  working  boats 
**  up  our  long  rivers  in  America.  The  persons  who  have 
**  made  such  attempts  have  commenced  by  what  they  called 
"  improving  Watt's  engine,  but  without  having  an  idea  of  the 
•*  physics  which  lay  hid  in  it  fix)m  common  observers ;  but 
**  such  improvements  have  appeared  to  me  like  the  improve- 
**  ments  of  the  preceptor  of  Alcibiades,  who  corrected  Homer 
"  for  the  use  of  his  scholars.  Their  ill  success,  and  their 
**  never  having  found  a  good  mode  of  taking  a  purchase  on 
**  the  water,  are  the  reasons  why  they  have  all  failed. 
**  Having,  during  the  course  of  my  experiments  on  sub- 
*^  mersive  navigation,  found  an  excellent  mode  of  taking  a 
"  purchase  on  the  water,  I  wish  to  apply  the  engine  to  the 
"  movement    The  only  thing  which  is  wanting  is  to  arrange 


•  Woodcrofl  'On  Steam  Novigatioii,'  1S48,  p.  55. 
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"  the  engine  as  light  and  compact  as  possible,"  &c.  And,  in 
the  postscript  of  his  letter,  he  proposes  for  Mr.  Watt's  con- 
sideration some  schemes  of  engines  suggested  by  Mr.  Living- 
stone :  schemes  on  which  we  do  not  find  that  any  opinion  was 
then  expressed,  but  which  appear  not  to  have  been  very  clearly 
explained,  and  which,  in  so  far  as  their  construction  was  intel- 
ligible, did  not  promise  to  be  very  efiective. 

On  the  6th  of  August,  1803,  Mr.  Fulton  ordered  his  first 
engine  from  Soho,  repeating  the  application  in  person  in  1804. 
The  diameter  of  the  cylinder  was  24  inches,  with  a  stroke  of 
four  feet,  being  about  nineteen  horse-power.  "  The  principal 
"  parts  of  the  engine  were  made  and  forwarded  early  in  1805 ; 
"  the  planning  and  execution  of  the  subordinate  parts,  as  well 
*'  as  of  the  connecting  and  paddle  machinery,  having  been 
"  undertaken  by  Mr.  Fulton  himself.  He  built  a  vessel  from 
"  his  designs  at  New  York,  called  the  '  Clermont,'*  and  having 
"  erected  the  machinery  on  board  of  her,  the  first  trial  was 
"  made  in  the  spring  of  1807,  and  was  eminently  successful ; 
"  and  this  vessel  was  soon  after  established  as  a  regular  steam- 
"  packet  between  New  York  and  Albany."  t 

Within  six  years  from  the  first  trial-trip  of  the  "  Clermont," 
six  steam-vessels  had  been  built  for  Mr.  Fulton,  and  were  in 
constant  and  successful  use  in  America  for  the  conveyance  of 
passengers. 

"  It  is  a  Mr.  Fulton,"  writes  Mr.  Watt  to  Dr.  Townsend  of 
Bath, J  "who  has  constructed  the  steam-boats  in  America: 
"  two  of  the  engines  have  been  made  by  Boulton,  Watt,  and 

*  Company,  but  the  machinery  has  been  made  entirely  in 

*  America,  imder  his  own  direction.     The  following  is  his 

*  account  of  his  boat,  (Sept.  15th,  1810)  : — *  The  first  engine 

*  *  thus  in  use  was  24-inch  cylinder,  4-feet  stroke,  which  drove 

*  *  a  boat  166  feet  long  and  18  feet  wide,  drawing  2^  feet  of 

*  *  water,  at  the  rate  of  5  miles  an  hour  on  the  Hudson  river ; 

*  *  that  is,  taking  the   tide   for  and  against  the  boat,  the 

*  From  a  residence  of  Mr.  Living-  and  Albany  has,  we  believe,  been 

stone's  on  the  Hudson  river,  about  ascertained  by  a  recent  survey  to  be 

two  thirds  of  the  way  from  New  York  125  geograpUcal  miles, 

to  Albany.  J  April  13tli,  1812. 

t  The  distance  between  New  York 
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•  average  velocity  is  5  miles  an  hour.'  The  boats  go  regu- 
larly between  New  York  and  Albany,  distant  160  miles, 
"  and  he  is  formhig  similar  establishments  on  other  rivers, 
**  and  has  had  a  second  engine  of  28-inch  cylinder,  4-feet 
**  stroke ;  and  one  of  the  latter  size  has  been  made  to  navi- 
gate a  boat  between  Montreal  and  Queljec. 
**  I  am  informed  bv  a  friend  who  has  seen  the  steam-boat, 
that  the  engine  and  boilers  ot^cupy  about  one-third  of  the 
length  of  the  lx)at,  and  that  the  engine  openites  by  com- 
**  municating  motion  to  a  water-wheel  on  each  side  of  the 
"  boat,  which  he  said  were  about  0  feet  diameter,  tmd  3  feet 
**  wide  in  the  sole  ;  but  I  think  thc^y  miLst  Ixi  of  a  larger 
**  diameter. 

"  You  will  readily  see  that  a  machine  of  this  kind  could 
"  not  pass  bridges  and  locks,  which  all  oiu-  navigations  are 
fill]  of;  but  might  navigate  hi  the  tide-way  of  the  Thames 
^'  or  Severn,  or  other  rivers  clear  of  bridges,  &c,,  and  suffi- 
ciently wide. 

Peter  Miller,  Esq.,  of  Dalswinton,  in  Scotland,  tried  many 
experiments,  ten  or  more  years  ago,  with  a  boat  of  this  con- 
"  stniction,  and  might  have  succeeded  if  he  had  had  a  l>etter 
**  engineer.  He  is  now  a  vert/  old  man.  On  the  whole,  as  far 
"  as  it  is  at  present  known  to  me,  I  think  it  would  not  answer 
the  purpose  you  want.  I  believe  3Ir.  Konnie  is  engineer  to 
your  canal :  -nobody  is  more  able  to  advise  you  on  tliis  head." 
In  1811,  Mr.  Henry  Jiell,  a  citizen  of  Glasgow,  who,  since 
1800,  had  repeatedly  urg(?<l  the  subject  of  stenm-propulsion 
on  the  attention  of  th«^  IJritish  government,  and  had  also 
aided  Fulton  with  drawings  of  machiner)-,  &c,,  took  the 
decided  and  enterprising  stej)  of  himself  trying  in  Scotland, 
at  his  o\Mi  risk  and  under  his  sole  direction,  an  experiment 
similar  to  that  which  hail  succeeded  so  well  in  America.  He 
had  a  boat,  called  from  the  great  heavenly  body  of  tliat  kind 
which  made  its  ai)i>earance  in  that  year,  the  "  Comet,"  built 
at  Port  Glasgow,  in  the  yard  of  Messrs.  J.  and  0.  Wood, 
which,  propelled  l>y  a  steam-engine  of  his  own  construction, 
was  finished  by  the  end  of  1811.  It  plied  on  tlie  Clyde, 
between  Glasgow  and  Greenock,  early  in   1812 ;    and  thus 
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became  the  forerunner  of  that  system  of  practical  steam- 
navigation  which  has  since  so  widely  extended  itself  in  this 
country.  The  "  Comet "  was  forty  feet  in  length,  of  twenty- 
five  tons  measurement,  and  four  horse-power;  but  other 
vessels  soon  followed  of  somewhat  greater  dimensions,  fitted 
with  engines  of  proportionally  greater  powers ; — the  largest, 
built  in  1813,  of  which  we  are  aware,  being  the  "  Glasgow," 
of  74  tons  and  16  horse-power, — ^in  1814  the  "Morning 
"  Star,"  of  100  tons  and  26  horse-power,— and  in  1815,  the 
"  Caledonia,"  of  102  tons  and  32  horse-power.  In  that  year, 
two  steam-vessels  went  from  the  Clyde  to  the  Thames ;  one 
by  the  Forth  and  Clyde  Canal  to  Leith,  and  thence  by  the  east 
coast ;  and  the  other  by  the  west  coast  and  round  the  Land's 
End : — ^these  being,  so  far  as  we  know,  the  first  attempts  at 
steam-navigation  made  in  the  open  sea  of  our  coasts. 

"  During  his  last  visit  to  Greenock  in  1816,"  says  Mr.  Wil- 
liamson, "  Mr.  Watt,  in  company  with  his  friend  Mr.  Walkin- 
"  shaw, — whom  the  author  some  years  afterwards  heard  relate 
"  the  circumstance, — made  a  voyage  in  a  steam-boat  as  far  as 
"  Bothsay  and  back  to  Greenock, — an  excursion  which,  in 
"  those  days,  occupied  the  greater  portion  of  a  whole  day. 
"  Mr.  Watt  entered  into  conversation  with  the  engineer  of 
"  the  boat,  pointing  out  to  him  the  method  of  *  backing'  the 
engine.  With  a  foot-rule  he  demonstrated  to  him  what  was 
meant.  Not  succeeding,  however,  he  at  last,  under  the 
"  impulse  of  the  ruling  passion,  threw  off  his  overcoat,  and, 
putting  his  hand  to  the  engine  himself,  showed  the  practical 
application  of  his  lecture.  Previously  to  this,  the  *  back- 
"  *  stroke'  of  the  steam-boat  engine  was  either  unknown  or 
not  generally  known.  The  practice  was  to  stop  the  engine 
entirely  a  considerable  time  before  the  vessel  reached  the 
"  point  of  mooring,  in  order  to  aUow  for  the  gradual  and 
"  natural  diminution  of  her  speed."* 

In  April,  1817,  Mr.  James  Watt,  jun.,  having  purchased 
the  "  Caledonia,"  which  from  defects  in  her  engines  had  been 
little  used  since  her  launch  in  1815,  had  her  machinery  taken 


it 


it 


*  *  Memorials  of  V^att,'  p.  234. 
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oat,  and  replaced  by  two  new  engines  of  Soho  manufacture, 
of  14  horse-power  each.  In  October  of  that  year,  he  went 
over  in  her  to  Holland,  and  ascended  the  Rhine  as  far  as 
CoUentz;  having  thus  been  the  first  to  leave  the  British 
dbores  and  cross  the  Channel  by  so  novel,  and,  as  it  was  then 
esteemed,  so  hazardous  a  mode  of  transit.    But  although 


lUi  robur  et  a?8  triplex 
Circa  pectus  erat,^ 


tt  n 


even  he  could  scarcely  then  foresee  that  in  later  days  the 
imitation  of  his  daring  enterprise  would  be  circumscribed 
only  by  those  bounds  by  which  the  proud  waves  of  the  ocean 
are  stayed. 

The  "Caledonia"  having  left  Margate  on  the  14th  of 
October,  1817,  arrived  off  West  Kapelle,  Walcheren,  in  ten 
minutes  more  than  twenty-four  hours,  and  came  to  anchor  in 
the  Keeting  near  Vianen  three  hours  later ;  having  run,  under 
steam,  at  an  average  speed  of  7^  knots  an  hour.  In  her 
Toyage  from  Rotterdam  to  Cologne,  by  Nimeguen,  Emmerick, 
Wesel,  and  Diisseldorf,  the  time  actually  occupied  under 
way,  with  a  strong  easterly  wind  and  current  against  the 
Tessel  during  the  whole  of  it,  and  for  nine  hours  only  one 
engine  at  work,  was  48  hours,  52  minutes.  As  she  steadily 
foit^  her  course  against  the  impetuous  waters  of  the  Rhine, 
her  track  marked  by — 

"  Smoke  in  air  and  foam  upon  the  wave,"  * 

she  excited,  as  may  well  be  imagined,  the  admiring  wonder, — 
in  some  cases  the  wondering  horror, — of  the  natives.  She 
presented  a  strange  contrast,  such  as  has  often  since  struck 
the  eye  of  the  traveller,  to  those  most  shapeless  and  primitive 
of  all  vessels,  the  huge  rafts  of  timber  from  the  Helvetian 
forest,  which  witli  whole  families,  with  their  flocks  and  herds, 
inhabiting  them  for  weeks  together,  seem,  as  sluggislily  they 
descend  tiie  stream,  to  be  leviathan  villages  of  diluvian  date. 

On  her  homeward  voyage  from  Coblentz,  the  "  Caledonia" 
entered  the  Scheldt,  and  visited  Antwerp.  She  was  then  laid 
up  for  part  of  the  winter  in  the  harbour  of  Rotterdam,  for 

•  Ciiry'tf  Daute :  '  HoU,'  canto  xxiv.  1.  50. 
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repairs  and  alterations.  After  her  return  to  the  Thames  in 
the  spring  of  1818,  Mr.  J.  Watt,  jun.,  made  no  fewer  than 
thirty-one  series  of  experiments  with  her  on  the  river,  (the 
whole  number  of  those  experiments  amounting  to  two  hun- 
dred and  fifty)  ;  *  which  resulted  in  the  adoption  of  many 
most  material  improvements  in  the  construction  and  adapta- 
tion of  marine  engines,  and  in  an  immense,  though  gradual 
extension  of  that  branch  of  the  manufacture  at  Soho.  From 
the  particulars  already  given  of  the  amount  of  steam-power 
produced  at  that  establishment,  it  appears  that  the  marine 
engines  manufactured  there,  up  to  1854,  were  in  number  319 ; 
of  17,438  tiominal,  or  52,314  real  horse-power. f 

The  memory  of  James  Watt  will  now  be  worthily  per- 
petuated in  the  British  navy,  by  the  fine  screw  steam  man-of- 
war  of  that  name,  of  91  guns ;  which  was  launched  at  Pem- 
broke dock-yard  in  1853,  and  fitted  with  Soho  engines.  J 

But  the  greatest  triumph  of  steam, — and,  therefore,  of  the 
name  of  Watt, — that  the  world  has  ever  witnessed,  was  be- 
held at  the  great  Naval  Review  which  took  place  at  Spithead 
on  the  23rd  of  April,  1856,  at  the  close  of  the  war  with 
Russia ;  when  a  British  fleet  of  no  fewer  than  two  hundred 
and  forty  sail,  from  the  largest  line-of-battle  ship,  such  ^is  the 
"  Duke  of  Wellington  "  of  131  guns  and  1100  men,  down  to 


*  From  a  memorandum  made  by 
Olio  of  the  party  presont  on  tlie  occa- 
sion, we  find  that  on  the  14th  of 
July  in  that  summer,  tlie  "  Caledonia" 
steamed  to  the  Nore  and  back — nearly 
100  miles — in  ten  hours  ;  to  the  great 
astonishment,  among  others,  of  a 
French  genUeman  on  board,  and  the 
delight  of  Chantrey  tlie  sculptor,  who 
was  another  member  of  that  party  of 
pleasure.  Wo  cannot  resist  tlie 
temptation  of  placing  side  by  side 
with  the  creditable  performance  of 
the  ••  Caledonia  *'  of  those  early  days, 
the  still  more  dazzling  speed  of  tlie 
voyages  made,  in  later  ones,  by  tlie 
beautiful  **  Persia,"  an  iron  steam-ship 
built  by  Robert  Napier  and  Sons,  in 
1855 ;  measuring  375  feet  in  lengtli, 
46  in  breadth,  and  8590  tons,  witii  a 
power  of  850  horses.  The  **  Persia," 
piopeUed  by  paddles,  made  her  *'out " 


passage  from  Liverpool  to  New  York, 
(adding  difference  of  time),  in  10 
days,  1  hour,  1  minute ;  and  her 
*•  home  "  passage  on  her  return  from 
New  York  to  Liverpool,  (deducting 
difference  of  time),  in  9  days,  5  hours, 
46  minutes. 

t  See  p.  423,  supra. 

X  The  enguies  m  question,  as  we 
have  been  informed  by  one  of  their 
makers,  were  originally  intended  for 
the  "  Vulcan,"  to  exert  the  power  of 
700  horses  at  60  strokes  per  minute  ; 
in  the  "  James  Watt,"  owing  to  the 
employment  of  a  larger  size  of  screw- 
propeller,  they  arc  only  to  make  50 
stroKcs  per  minute,  and  tlie  estimate 
of  their  power  will  be  reduced  to  that 
of  600  horses.  In  casting  the  fine 
brass  screw-propeller  for  H.M.S.  the 
**  James  Watt,"  ten  tons  and  a  half 
of  metal  were  employed. 
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floating  mortar-batteries,  and  gun-boats  carrying  only  2  guns 
and  25  men,  was  assembled :  and,  of  tlie  whole  number  of 
that  vast  array,  not  more  than  ten  ships  were  without  steam- 
power.  The  day  was  so  calm,  that  sails  would  liave  been 
oomparativcly  of  little  use ;  and  scarcely  one  was  set  during 
the  whole  time  that  the  review  lasted.  The  orderly  and 
sapid  movements  and  manoeuvres  of  the  different  divisions 
of  the  immense  fleet,  extending,  even  when  ranged  in  triple 
line,  very  many  miles  in  length,  were  thus  performed  solely 
under  the  power  of  steam,  the  absence  of  sails  leaving  the 
rigging  and  spars  standing  in  all  their  fairy-like  lightness  and 
grace.  Almost  all  of  the  vessels  also  were  propelled  by  the 
flcrew, — ^the  "  spiral  oar "  of  Mr.  Watt's  letter  of  1770, — 
instead  of  by  paddle-wheels,  so  that  tlie  surface  of  the  water 
seemed  scarcely  broken  as  they  moved  majestically  along ; 
and,  by  the  use  of  a  peculiar  8j)ecies  of  coal,  (the  Welsh 
anthracite),  the  nuisance  of  smoke  from  the  engine-fires  was 
entirely  prevented.     Thus, 

"  While  not  a  breath  disturVd  tlie  deep  Beroiie, 
"  And  not  a  cloud  o'ercast  the  solcniu  scene,'* 

the  whole  of  the  evolutions  took  place  with  a  steadiness,  a 
celerity,  and  an  apparent  ease  and  absence  of  effort,  that  were 
quite  magical  in  their  effect ;  forming  a  spectacle  unrivalled 
in  its  kind,  and  that  will  never  be  effaced  from  the  memory 
of  those  who  were  present  at  it. 

With  regard  to  another  application  of  steam  power,  of 
kindred  interest  and  importance,  that,  viz.,  to  locomotion  on 
land,  it  is  remarkable  enough  that  when  Mr.  Watt's  attention 
was  first  directed,  by  his  friend  Bobison,  to  the  steam-engine, 
•*  he  (R.)  at  that  time  threw  out  an  idea  of  applying  the 
"  power  to  the  moving  of  wheel  -  carriages."  "  But  the 
**  scheme,"  adds  Mr.  Watt,  "  was  not  matured,  and  was  soon 
"  abandoned  on  his  going  abroad."  * 

It  may  be  here  incidentally  mentioned  that  the  Abbe  Hue, 
in  giving  an  account  of  the  character  and  career  of  Father 
Verbiest,  a  successful  Jesuit  missionary  among  the  Cliinese, 


*  Robison,  p.  113;  and  p.  75,  tujMrit. 
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who  died  in  1688,  says : — "  It  is  highly  probable,  that  he 
"  anticipated  the  great  discovery  of  modem  times,  the  motive 
"  power  of  steam.  In  his  learned  work,  entitled  *  Astronomia 
"  *  Europsea,'  there  is  a  curious  account  of  some  experiments 
"  that  he  made  at  Pekin,  with  what  we  may  call  steam- 
"  engines.  He  placed  an  aeolipile  upon  a  car,  and  directed 
"  the  steam  generated  within  it  upon  a  wheel  to  which  four 
"  wings  were  attached ;  the  motion  thus  produced  was  com- 
"  municated  by  gearing  to  the  wheel  of  the  car.  The  ma- 
"  chine  continued  to  move  with  great  velocity  as  long  as  the 
"  steam  lasted ;  and,  by  means  of  a  kind  of  helm,  it  could  be 
"  turned  in  various  directions.  An  experiment  was  made 
"  with  the  same  instrument  applied  to  a  small  ship,  and  with 

no  less  success ;  and  Father  Verbiest,  after  giving  an  account 

of  these  experiments,  adds  these  very  remarkable  words : — 
"  *  Data  hoc  principio  motUSy  muUa  alia  excogitari  facile  est,^ "  * 

In  August,  1768,  Dr.  Small  informed  Mr.  Watt  that  "  Mr. 
"  Edgeworth,  a  gentleman  of  fortune,  young  and  mechanical, 
'^  and  indefatigable,"  had  ^'  taken  a  resolution  of  moving  land 
"  and  water  carriages  by  steam,"  and  had  made  considerable 
progress  for  the  time  he  had  employed  himself  in  that  line. 
"  He  knows  nothing,"  added  Dr.  Small,  "  of  your  peculiar 
"  improvements,  but  seems  to  be  in  a  fair  way  of  knowing 
"  whatever  can  be  known  on  such  subjects."  t  In  allusion  to 
the  same  subject.  Dr.  Small  wrote  to  Mr.  Watt  a  month  later, 
"  Your  very  clever  friend  Mr.  Bobison  and  his  pupil  passed 
"  Friday  evening  with  me  to  my  great  satisfaction.  I  told 
"  them  I  hoped  soon  to  travel  in  a  fiery  chariot  of  your 
"  invention."  J  Seven  months  later,  "  A  linen-draper  at 
"  London,  one  Moore,  has  taken  out  a  patent  for  moving 
"  wheel-carriages  by  steam.  This  comes  of  thy  delays.  I 
"  dare  say  he  has  heard  of  your  inventions.  Do  come  to 
"  England  with  all  possible  speed.     At  this  moment  how  I 

could  scold  you  for  negligence !  However,  if  you  will  come 
"  hither  soon,  I  will  be  very  civil,  and  buy  a  steam-chaise  of 


(( 


♦  Huc*8    •  Clmstianity  in   China,     Auguat,  1768. 
'  Tartary.  and  Thibet,'  vol.  iii.    1858.         X  The  same  to  the  same,  8eptem< 
t  Dr.   SmaU    to    Mr.  Watt,   12th      ber.  1768. 


Chap.  XXV.       LOCOMOTIVE  STEAM-CARRIAGES.  447 

**  you,  and  not  of  Moore.    And  yet  it  vexes  me  abominably 
"  to  flee  a  man  of  your  superior  genius  neglect  to  avail  him- 
**  Bdf  properly  of  his  great  talents."  *    Mr.  Watt,  in  writing 
to  Dr.  Boebuck  of  this,  says,  '^  This  was  a  thing  I  hoped  to 
**  accomplish  by  the  circular  engine,"  t  [or  steam-wheeL]   And 
he  replies  to  Small : — **  If  linen-draper  Moore  does  not  use  my 
**  engine  to  drive  his  chaises,  he  can't  drive  them  by  steam. 
**  If  he  does,  I  will  stop  them.  I  suppose,  by  the  rapidity  of  his 
**  progress  and  puffing,  he  is  too  volatile  to  be  dangerous." — 
•*  You  want  a  steam-chaise ;  pray  make  one.   I  give  you  leave, 
**  and  will  also  give  you  advice, — not  gratis,  however,  but  for 
•*  good  deeds  done  and  to  be  done." — "  Of  all  tilings  in  life, 
"  there  is  nothing  more  foolish  than  inventing.     Here  I  work 
"  five  or  more  years  contriving  an  engine,  and  Mr.  Moore  hears 
**  of  it,  is  more  Sveille,  gets  tliree  patents  at  once,  publishes 
**  himself  in  the  newspapers,  hires  2000  men,  sets  them  to 
**  work  for  the  whole  world  in  St.  George's  Fields,  gets  a  fortune 
**  at  once,  and  prosecutes  me  for  using  my  own  invention ! "  f 
Moore's  fortune,  however,  was  not  got  at  once  by  steam- 
carriages  ;  nor,  as  may  be  supposed,  did  the  imagined  prose- 
cution ever  take  place.     "  After  much  inquiry  about  Moore," 
says  Dr.  Small,  "  I  can  learn  nothing  satisfactory,  only  that 
"  he  is  no  profound  philosopher,  and  so,  in  all  probability, 
"  unacquainted  with  the  properties   of  substances  of  which 
"  you  have  availed  yourself.    Perhaps  he  may  pay  you  a 
"  large  sum  of  money  for  leave  to  use  your  inventions.     If 
**  80,  ask  12,000t,  and  not  1200Z.     He  is  rich  and  sanguine : 
**  and  indeed,  if  wheel-carriages  and  vessels  can  be  moved 
"  commodiously  by  steam,  the  invention  is  worth  much  more 
"  money."  §     "I  have  thought,"  adds  the  Doctor,  on  the  5th 
November,  "  of  a  very  easy  method  of  constructing  your 
**  wheel,  and  of  a  most  easy  and  obvious  method  of  moving 
"  carriages  by  a  reciprocating  engine,  provided  a  tolerably 
"  tight  piston  can  be  found.     The  weight  of  a  machine  for  a 


*  Dr.  SmaU  to   Mr.  Watt,    18th  J  Mr.  Watt    to    Dr.   Small,  28th 

April,  1769.  April.  17G9. 

t  Mr.  Watt  to  Dr.  Roebuck,  28th  §  Dr.  Small  to  Mr.  Watt.  10th  May, 

April,  17C9.  1769. 
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"  post-chaise  will  not  be  more  than  300  lbs.,  water  and  all, 
"  and  it  will  be  contained  in  very  small  compass." 

In  the  seventh  "  new  improvement,"  however,  set  forth  in 
the  specification  of  liis  patent  of  1784,  Mr.  Watt  described  the 
principles  and  construction  of  "  steam-engines  which  are 
"  applied  to  give  motion  to  wheel-carriages  for  removing 
"  persons  or  goods,  or  other  matters,  from  place  to  place,  in 
"  wliich  cases,"  he  says,  "  the  engines  themselves  must  be 
"  portable.  Therefore,  for  the  sake  of  lightness,  I  make  the 
"  outside  of  the  boiler  of  wood,  or  of  tliin  metal,  strongly 
"  secured  by  hoops,  or  otlierwise,  to  prevent  it  from  bursting 
"  by  the  strength  of  the  steam  ;  and  the  fire  is  contained  in  a 
"  vessel  of  metal  witliin  the  boiler,  and  surrounded  entirely 
"  by  the  water  to  be  heated,  except  at  the  ai)ertures  destined 
"  to  admit  air  to  the  fire,  to  put  in  the  fuel,  and  to  let  out 
"  the  smoke ;  which  latter  two  apertures  may  either  be  situ- 
"  ated  opposite  to  one  another  in  the  sides  of  the  boiler,  or 
"  otherwise,  as  is  found  convenient ;  and  the  aperture  to 
"  admit  air  to  the  fire  may  be  under  the  boiler.  The  form 
"  of  the  boiler  is  not  very  essential,  but  a  cylindric  or  globular 
"  form  is  best  calculated  to  give  strength.  I  use  cylindrical 
"  steam-vessels  with  pistons,  as  usual  in  other  steam-engines, 
"  and  I  employ  the  elastic  force  of  steam  to  give  motion  to 
"  these  pistons,  and  after  it  has  performed  its  office  I  discharge 
**  it  into  the  atmosphere  by  a  proper  regulating  valve,  or  I 
"  discharge  it  into  a  condensing  vessel  made  air-tight  and 
"  formed  of  thin  plates  or  pipes  of  metal,  having  their  out- 
"  sides  exposed  to  the  wind,  or  to  an  artificial  current  of  air 
"  produced  by  a  pair  of  bellows,  or  by  some  similar  machine 
"  wrought  by  the  engine  or  by  the  motion  of  the  carriage ; 
**  which  vessel,  by  cooling  and  condensing  part  of  the  steam, 
"  does  partly  exhaust  the  steam-vessel,  and  thereby  adds  to 
"  the  power  of  the  engine,  and  also  serves  to  save  part  of  the 
"  water  of  which  the  steam  was  composed,  and  which  would 
"  otherwise  be  lost.  In  some  cases  I  apply  to  this  use 
"  engines  with  two  cylinders  which  act  alternately ;  and  in 
"  other  cases  I  apply  those  engines  of  my  invention  which 
"  act  forcibly  both  in  the  ascent  and  descent  of  their  pistons. 
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^  and  by  means  of  the  rotative  motion  in  figure  20th,*  or  of 
"  any  other  proper  rotative  motion,  I  communicate  the  power 
"  of  these  engines  to  the  axis  or  axle-tree  of  one  or  more  of 
**  the  wheels  of  the  carriage,  or  to  another  axis  connected 
•*  with  the  axle-tree  of  the  carriage  by  means  of  toothed 
**  wheels ;  and  in  order  to  give  more  power  to  the  engine 
**  when  bad  roads  or  steep  ascents  require  it,  I  fix  upon  the 
**  axle-tree  of  the  carriage  two  or  more  toothed  wheels  of 
"  different  diameters,  which  when  at  liberty  can  turn  round 
"  fireely  on  the  said  axle-tree  when  it  is  at  rest-,  or  remain 
**  without  turning  when  it  is  in  motion ;  but,  by  means  of 
**  catches,  one  of  these  wheels  at  a  time  can  be  so  fixed  to  the 
^  axle-tree,  that  the  axle-tree  must  obey  the  motion  of  the 
**  toothed  wheel,  wliich  is  so  locked  to  it.  And  upon  the 
**  primary  axis,  which  is  immediately  moved  by  tlie  engine, 
*•  or  which  communicates  the  motion  of  the  engine  to  the 
<<  axle-tree  of  the  carriage,  I  fix  two  or  more  toothed  wheels 
**  of  greater  or  lesser  diameters  than  those  on  the  axle-tree, 
"  which  are  moved  by  them  respectively,  so  that  the  wheels 
"  on  these  two  axles  having  their  teeth  always  engaged  in 
**  one  another,  the  wheels  on  the  axle  of  the  carriage  always 
"  move  with  the  wheels  on  the  axle  of  the  rotative  motion, 
"  but  have  no  action  to  turn  the  wheels  of  the  carriage  ex- 
"  cept  one  of  them  be  locked  fast  to  its  axle-tree, — then  the 
**  latter  receives  a  motion  faster  or  slower  than  that  of  the 
"  axle  of  the  rotative  machinery,  according  to  the  respective 
**  diameter  of  the  wheels  wliich  act  upon  one  another.  In 
"  other  cases,  instead  of  the  circulating  rotative  machinery, 
"  I  employ  toothed  racks  or  sectors  of  circles  worked  witli 
*•  reciprocating  motions  by  the  engines,  and  acting  upon 
"  ratchet  wheels  fixed  on  the  axles  of  the  carriage.  And  I 
"  steer  the  carriage,  or  direct  its  motion,  by  altering  the  angle 
"  of  inclination  of  its  fore  and  hind  wheels  to  one  another  by 
"  means  of  a  lever  or  other  machine.  As  carriages  are  of 
'^  many  sizes  and  variously  loaded,  the  engines  must  be  made 
powerful  in  proi)ortion.     But  to  drive  a  carriage  containing 
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'^  two  persons,  will  require  an  engine  with  a  cylinder  seven 
'^  inches  in  diameter,  making  sixty  strokes  per  minute  of  one 
'^  foot  long  each,  and  so  constructed  as  to  act  both  in  the 
^'  ascent  and  descent  of  the  piston ;  and  the  elastic  force  of 
"  the  steam  in  the  boiler  must  occasionally  be  equal  to  the 
**  supporting  a  pillar  of  mercury  thirty  inches  high." 


Working  Model  of  a  Locomotfye  Engine  made  by  Mr.  W.  Murdock  in  1784. 

Also  in  1784,  Mr.  Murdock  made  a  working  model  of  a 
locomotive  engine  upon  the  principles  so  specified  by  Mr. 
Watt,  which  performed  well,  and  is  still  in  existence.  With 
a  spirit-lamp  for  a  furnace,  its  cylinder  attached  to  the  boiler, 
and  its  piston-rod  working  a  beam  that  turned  the  driving- 
wheels  by  a  crank,  it  was  placed  in  the  Great  Exhibition  of 
1851,*  where  it  attracted  much  notice.  It  stood  among  the 
"  machinery  at  rest,'*  on  the  colossal  marine  engines  of  700 
horse-power,  manufactured  by  Messrs.  James  Watt  and  Co., 
which  have  since  been  erected  in  the  fine  91-gun  screw 
steamHship  the   "James  Watt;"  and  by  the  side  of  that 

*  8oe  the  *  Official  Catalogae,'  toI.  i.  p.  211 


Chap.  XXV.  LOCOMOTIVE  STBAM-CARBIAGE8.  451 

interesting  little  model  was  placed  another,  oleo  of  diminutiTe 
Bze,  of  a  eteam-engine  with  an  oicUlatin^  cylinder,  iuTented 
knd  constructed  by  Mr.  Murdock  in  the  year  1785.  The 
model  of  t^e  locomotive  engine  is  now  in  the  poeBession  of 
Measn.  James  Watt  and  Go. ;  that  of  the  oscillating  cylinder 
renuina,  a  valued  heirloom,  in  the  family  of  Mr.  Murdock.* 

In  reference  to  this  specification,  Mr.  Watt  writes  to  Mr. 
Boulton,t  "  I  have  given  such  description  of  engines  for  wheel- 
**  carriages  as  I  could  do  in  the  time  and  space  1  coiild  allow 
"  myself;  but  it  is  very  defective,  and  can  only  serve  to  keep 
"  otlier  people  from  similar  patents."  And,  ten  days  later,} 
"  I  wrote  to  you  last  night,  and  now  sit  dowu  to  give  you  some 
**  of  my  ideas  on  the  wlieel-corriage  scheme,  and  have  tbere- 
"  fore  annexed  that  article  of  the  s}>ecif]cation,  by  which  you 
**  will  see  the  general  idea.  The  engine  may  either  be  con- 
"  nected  with  tJie  rotative  motion  by  a  working-beam,  or  may 
"  be  placed  directly  over  the  secondary  axle,  and  work  the 
"  relative  motion  by  means  of  two  rods  coming  down  on  each 
"  aide  of  tlie  cylinder  from  a  cross-bar  on  the  top  of  tlie 
"  piston-rod,  guided  perpendicularly  by  a  sliding  frame ;  but 
"  1  am  inclined  to  prefer  a 
"  working-beam,  which  in 
"  this  case  may  l>e  short. 
**  I  do  not  know  tliat  the 
"  organ-pipe  condenser  will 
"  make  much  vacuum,  but 
"  it  may,  by  the  help  of 
"  ^  beUowt,  condense,  aud  < 
"  save  most  of  the  water,  "y* 
"  On  the  side  you  have  a 
**  sketch  of  the  two  axles, 
"  and  of  the  means  I  use  to 
"  lock  and  unlock  the  wheels  which  connect  them  tx^ther, 
"  80  as  to  make  the  carriage  go  faster  cet  t&oyiet  at  pleasure. 


*  Both  of  thaio  curioaitiei  of  the  *  ebanical  IitTcntioru  of  Watt;'   >ee 

euginceTiiig  ut  were,  bj  the  periai»-  vol.  iii.  plates  XXIX.  and  XXXIT. 
tioii  of  their  respectiTe  pruprictore,         -f  ITth  AaguA,  1784. 
delineated  and  engraTed  foi  the  '  Ue-         X  27th  Augnit,  1784. 
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**  or,  at  least,  to  have  more  or  less  power  at  will.  The 
'^  piece  (a  b)  slides  in  a  hollow,  and  two  slits  in  axle  of 
**  the  carriage ;  when  b  is  in  the  place  drawn,  the  rotative 
"  motion  can  turn  without  moving  the  carriage ;  but  when 
b  is  placed  so  as  to  be  in  a  slit  which  is  in  one  of  the 
wheels,  then  the  wheel  will  cause  the  axle  to  turn  round  or 
^'  to  break  b ;  and  b  is  always  disengaged  from  one  wheel 
"  before  it  is  locked  to  the  other.  As  to  the  size  of  the 
"  cylinder,  boiler,  &c.,  I  calculate  that,  suppose  the  power 
"  necessary  to  move  a  post-chaise  on  a  plain  to  be  80  lbs. 
"  weight,  and  the  chaise  to  move  at  the  rate  of  4  miles  per 
"  hour,  or  6  feet  per  second,  let  the  moving-wheel  be  4  feet 
"  diameter,  then  it  will  make  1  revolution  in  2  seconds,  and 
"  if  the  engine  makes  60  strokes  per  minute,  it  will  make  one 
"  revolution  for  2  strokes ;  but  as  the  rotative  motion  will 
"  make  2  revolutions  per  stroke,  it  will  make  4  revolutions 
"  for  each  turn  of  the  wheel  of  the  carriage,  and  80  lbs.  x 
"  6  feet  =  480  lbs.  1  foot  high  per  second,  and  supposing  the 
"  stroke  of  the  engine  1  foot  long,  480  -j-  2  must  be  its  power 
**  =  240  =  6  lbs.  on  inch  to  a  7-inch  cylinder ;  but  as  going 
"  up  hills  it  will  require  a  power  of  400  lbs.  to  drag  the 
*^  chaise  up,  the  power  in  these  cases  must  be  increased  5 
**  times,  that  is,  the  axU  of  the  carriage  must  make  only  1 
"  turn  for  20  turns  of  the  rotative  axle,  and  will  then  move 
"  only  12  feet  in  10  seconds ;  but  this  inconvenience  may  be 
"  something  lessened  by  letting  the  steam  get  stronger  at 
"  such  times. 

"  A  cylinder  of  7  inches  diameter  and  12-inch  stroke  will 
**  take  something  more  than  J  a  foot  of  steam  per  double-stroke, 
"  supposing  it  to  be  working  with  a  condenser ;  consequently 
"  it  would  take  30  cubic  feet  of  steam  per  minute  =  1800 
"  feet  of  steam  per  hour,  which,  supposing  it  to  be  equal  to 
"  1  cubic  foot  of  water,  would  require  a  boiler  of  8  feet  sur- 
"  face  exposed  to  the  fire  to  make  any  tolerable  performance 
"  in  respect  of  fuel ;  but  as  we  can  depend  on  no  aid  frt)m 
<<  condensation,  we  must  suppose  this  steam  to  be  at  least 
"  1 J  times  as  dense  as  the  common  steam,  therefore  there 
"  must  be  a  surface  of  12  feet  exposed  to  the  fire,  if  not 
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^  more ;  let  ns  leave  the  form  of  the  boiler  out  of  the  ease  at 
•*  present.  The  surface  of  12  square  feet  which  we  suppose 
**  to  be  exposed  to  the  fire,  must  be  covered  with  a  shell  of 
water  of  some  thickness,  which,  upon  the  average,  I  shall 
suppose  to  be  6  inches  thick,  which  will  make  the  whole 
quantity  of  water  necessary  =  6  cubic  feet,  supposing  no 
magazine  of  water  to  be  carried.  As  we  must  suppose  the 
copper  of  the  boiler  which  is  to  stand  such  violent  steam  to 
be  at  least  \  inch  thick,  it  will  weigh  at  least  10  lbs.  per 
**  square  foot ;  we  have  then  120  lbs.  for  the  inside  part  of 
^  the  boiler ;  and  as  there  must  be  steam-room^  and  the 
**  outside  case  of  the  boiler  must  bo  1  foot  wider  than  the 
**  inside,  supposing  the  inside  oblong  1  foot  wide,  3  feet  long, 
**  and  18  inches  higli,  then  the  outside  must  be  4  feet  long, 
"  2  feet  wide,  and  2^  feet  deep,  which  would  have  35  feet 
"  surface,  which  at  10  lbs.  would  weigh  350  lbs.  The  boiler, 
**  then,  with  the  included  water,  would  weigh  830  lbs.,  without 
**  any  allowance  for  a  grate  or  wooden  case  ;  but,  in  relation 
•*  to  the  latter,  the  copper  might  be  made  so  much  thinner  as 
**  to  allow  for  it,  and  perhaps  some  means  may  be  liit  upon  to 
make  the  boiler  cylindrical,  with  a  number  of  tubes  passing 
through,  like  the  organ-pipe  condenser,  whereby  it  might  be 
thinner  and  lighter  ;  but  I  fear  this  would  be  too  subject  to 
**  accidents.  Let  us  suppose,  however,  that  it  could  be  re- 
**  duced  to  300  lbs.  weight,  which,  with  the  water,  would 
"*  make  660  lbs. 

lbs. 

"  A  post-chaise  weighs  about 1000 
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"  The  boiler  and  water  would  weigh 

"  The  engine  and  wheels,  say  about 

**  The  fly,  3  feet  diameter,  containing  the  power  of 
**  one  stroke  of  the  engine    .... 

"  The  organ-pipe  condenser  and  bellows,  say    . 

"  Tliree  i)crson8,  including  the  driver 

**  ITieir  luggage 

**  Coals  for  four  hours,  at  15  lbs.  per  hour 
And  if  the  organ-pipe  condenser  is  not  found  sufB- 
"  cient  to  condense  the  steam,  water  must  be 
"  carried,  say  for  two  hours  .... 
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*^  And  then,  if  the  machinery  cannot  be  made  lighter  than 
'^  has  been  stated,  the  power  will,  I  am  afraid,  prove  insuf- 
''  ficient,  and  a  further  augmentation  of  the  boiler,  &c.,  must 
"  take  place.  If  there  were  no  friction,  the  power  of  80  lbs. 
'^  would  be  sufficient  to  draw  the  carriage  up  an  ascent  of  1 
**  in  36  on  a  hard  smooth  plain ;  but  there  would  be  some 
^  friction,  and  roads  are  both  unequal  and  generally  soft, 
*^  which  latter  gives  a  continued  resistance  of  the  same  nature 
^  as  going  up  a  steep  ascent  There  is  another  oonsideration, 
**  which  is,  that  the  carriage,  being  loaded  with  the  weight  of 
**  the  engine,  would  require  stronger  wheels  than  usual  for 
^  these  machines,  which  would  still  increase  its  weight. 

"  I  have  taken  it  for  granted  all  along  that  80  lbs.  is  a 
"  sufficient  force  to  move  a  common  post-chaise,  loaded  as  I 
^  have  mentioned,  (but  without  the  engine) ;  which,  however, 
"  I  am  by  no  means  certain  of.  I  rather  apprehend  it  will 
**  require  that  power  on  a  quite  plain  road,  and  more  upon 
**  acclivities ;  for  four  men  would  be  able  to  exert  that  force, 
**  and  yet  could  not  move  the  loaded  post-chaise  at  the  above 
**  rate ;  and  I  observe  that  horses  labour  as  much  in  a  cart 
**  as  they  do  in  a  horse<mill,  yet  they  exert  near  200  lbs.  each 
^  in  the  latter,  at  the  rate  of  1^  miles  per  hour. 

*«  31  August,  1784. 

''The  whole  matter  seems  to  turn  on  an  answer  to  the 
"  question,  whether  80  lbs.  be  a  sufficient  power  to  move  a 
"  post-chaise  on  a  tolerably  good  and  level  road  at  the  rate  of 
"  4  miles  in  an  hour.  2dly.  Whether  any  less  surface  than 
"  8  feet  exposed  to  the  fire  be  sufficient  to  evaporate  a  cubic 
"  foot  of  water  per  hour,  without  much  waste  of  ftiel ;  which 
"  question  seems  partly  answered  by  the  boiler  of  our  com- 
"  mill,  which  has  only  about  5  feet  surface  exposed  to  the 
"  fire  for  each  foot  it  evaporates  per  hour ;  and  it  evaporates 
"  about  8  cubic  feet  per  cwt.,  so  that  by  submitting  to  a  waste 
"  of  coals,  a  smaller  boiler  would  do.  3rdly.  Whether  it  will 
"  require  steam  of  more  than  1 J  times  atmospheric  density  to 
"  cause  the  engine  to  exert  a  power  =  to  6  lbs.  on  the  inch, 
"  which  I  fear  it  wilL     I  think  that  the  cylinder  must  either 
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"  be  made  larger,  or  make  more  than  60  strokes  per  minute ; 
"  and  I  do  not  think  the  latter  plan  very  advisable,  principally 
^  because  the  rotative  motion  already  turns  too  fast  for  the 
**  axle  of  the  chaise,  and  that  it  will  require  more  wheels  than 
*•  two  to  reduce  the  motion  to  the  proper  velocity.  As  to 
«  working-gear,  stopping  and  backing,  with  steering  the  car- 
*■  riage,  I  think  these  articles  perfectly  manageable. 

"  The  proper  place  for  the  engine  will  be  behind  the  car- 
**  ijage,  and  to  act  upon  the  hind-wheels.  Cokes  must  be 
*^  used  in  place  of  coals,  to  prevent  the  disagreeable  circum- 
stances of  soot  and  smoke ;  but  there  will  be  no  avoiding  the 
sulphureous  air,  which,  when  going  before  a  gentle  wind, 
will  prove  suffocating.  The  shaking  of  the  carriage  wiU 
**  supersede  the  necessity  of  poking  the  fire,  but  will  be  apt 
^  to  waste  the  coals,  by  making  the  cokes  fall  through  the 
"  grate  before  they  are  consumed.  The  shaking  of  the  car- 
"  riage  will  be  apt  to  derange  the  joints  of  the  cylinder,  &c., 
"  and  render  them  untight ;  but  perhaps  some  remedy  may 
"  be  devised  for  this  in  construction. 

"  My  original  ideas  on  this  subject  were  prior  to  my  inven- 
"  tion  of  these  improved  engines,  or  before  the  crank  or  any 
**  other  of  the  rotative  motions  were  thought  of.  My  plan 
**  then  was  to  have  two  inverted  cylinders,  with  toothed-racks 
"  instead  of  piston-rods,  which  were  to  be  applied  to  two 
"  ratchet-wheels  on  the  axle-tree,  and  to  act  alternately ;  and 
"  I  am  partly  of  opinion  that  this  method  may  be  applied  to 
'^  advantage  yet,  because  it  needs  no  fly,  and  has  some  other 
"  eonveniencea 

"From  what  I  have  said,  and  from  much  more  wliich  a 
"  little  reflection  will  suggest  to  you,  you  will  see  that  without 
"  several  circumstances  turn  out  more  favourable  than  has 
"  been  stated,  the  machine  will  bo  clumsy  and  defective,  and 
"  that  it  will  cost  much  time  to  bring  it  to  any  tolerable 
**  degree  of  perfection ;  and  that  for  me  to  interrupt  the 
"  career  of  our  business  to  bestow  my  attention  on  it  would 
"  be  imprudent.  I  even  grudge  the  time  I  have  taken  to 
"  write  these  comments  on  it.  There  is,  however,  another 
"  way  in  which  much  mechanism  might  be  saved,  if  it  be  iu 
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**  itself  practicable,  which  is,  to  apply  to  it  one  of  the  self- 
*'  moving  rotatives,  which  has  no  regulators,  but  turns  like  a 
'<  mill-wheel  by  the  constant  influx  and  e£9ux  of  steam  ;  but 
*^  this  would  not  abridge  the  size  of  the  boiler,  and  I  am  not 
**  sure  that  such  engines  are  practicable."  The  remainder  of 
this  letter  is  occupied  with  the  consideration  of  the  arrange- 
ments proper  to  be  made  with  a  third  party,  (not  named,  but 
then  in  the  employment  of  Messrs.  Boulton  and  Watt,  and 
known  to  have  been  Mr.  William  Murdock),  in  case  of  his 
prosecuting  the  design,  which  he  appears  at  that  time  to  have 
warmly  entertained,  and  urged,  of  making  steam  wheel-car- 
riages for  sale  to  the  public,  under  a  licence  firom  his  em- 
ployers, or  in  partnership  with  them. 

Again,*  "  I  am  extremely  sorry  that  W[illiam]  M[urdock] 
"  still  busies  himself  with  the  steam-carriage.  In  one  of  my 
^'  speciflcations  I  have  secured  it  as  well  as  words  could  do  it 
"  according  to  my  ideas  of  it ;  and  if  to  that  you  add  Syming- 
**  ton's  and  Sadler's  patents,  it  can  scarcely  be  patentable, 
"  even  if  free  of  the  general  specification  in  the  Act  of  Par- 
**  liament ;  for  even  granting  that  what  I  have  done  cannot 
"  secure  it,  yet  it  can  act  as  prior  invention  against  anybody 
"  else,  and  if  it  cannot  be  secured  by  patent,  to  what  purpose 
**  should  anybody  labour  at  it?  I  have  still  the  same  opinions 
"  concerning  it  that  I  had ;  but  to  prevent  as  much  as  pos- 
'^  sible  more  fruitless  argument  about  it,  I  have  one  of  some 
"  size  imder  hand,  and  am  resolved  to  try  if  God  will  work  a 
"  miracle  in  favour  of  these  carriages.  I  shall  in  some  future 
"  letter  send  you  the  words  of  my  specification  on  that  subject. 
"  In  the  meantime  I  wish  W[illiam]  could  be  brought  to  do 
^'  as  we  do,  to  mind  the  business  in  hand,  and  let  such  as 
"  Symington  and  Sadler  throw  away  their  time  and  money, 
**  himting  shadows."  And,  a  few  days  later,t  "  You  are 
'*  certainly  wrong  in  your  computation  of  18  lbs.  of  water 
<<  serving  your  steam-carriage  an  hour.  At  present,  where 
'*  engines  are  wrought  by  condensation,  to  exert  the  force 
"  of  one  horse  requires  10  lbs.  of  coals  and  1  cubic  foot  of 


*  12th  September,  1786.  f  23id  September,  1786. 
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^  water  per  hour ;  but  if  steam  of  double  density  is  used, 
^  as  must  be  the  ease  where  there  is  no  condensation,  it  will 
^  take  20  lbs.  of  coals  and  2  cubic  feet  of  water  for  each 
**  horse-power.  These  are  the  present  facts,  and  I  suspect 
**  the  age  of  miracles  is  past  I  am  glad,  however,  that  Wil- 
^  liam  applies  to  liis  business."  And,  to  Dr.  Black,*  "  You 
"  know  I  have  long  had  plans  of  moving  wheel-carriages  by 
**  steam,  and  I  have  even  described  them  in  one  of  my 
**  patents  some  years  ago.  I  believe  I  shall  make  some 
^  experiments  on  them  soon,  but  have  small  hopes  of  their 
"  ever  becoming  useful." 

Without,  then,  trespassing  on  the  undoubted  rights  of  a 
Stephenson,  to  whom  belongs  tlic  chief  glory  of  establishing 
fhe  magnificent  system  of  railway  travelling  so  characteristic 
of  our  days,  or  on  those  of  others,  who  have  mainly  assisted 
in  its  development,  Mr.  Watt  may,  to  a  certain  extent,  be 
looked  upon  as  the  first  inventor  of  practical  means  for 
effecting  locomotion  on  land  by  steam.  But  it  is  also  unde- 
niable, that  his  expectations  of  a  profitable  result  from  the 
employment  of  such  a  machine  as  he  had  there  specified, 
were  at  all  events  very  uncerttiin;  that  he  considered  the 
question  as  being  confined  to  the  movement  of  carriages  upon 
roads  such  as  were  usually  employed  for  traffic  throughout 
the  country  ;  and  that,  altliough  "  on  a  hard  smooth  plain," 
where  there  would  be  little  friction,  he  seems  to  have  thought 
it  might  be  practicable  enough,  yet  that,  on  the  whole,  under 
the  pressure  of  the  full  employment  which  the  rest  of  his 
business  then  daily  forced  upon  liim,  he  both  himself  declined 
the  prosecution  of  that  newly-imagined  branch,  and  strongly 
dissuaded  Mr.  Murdock,  who  was  evidently  well  disposed  to 
have  gone  on  with  it,  from  doing  so. 

The  experience  of  more  than  half  a  century,  and  the  failure 
of  many  inventions  tried  by  others  during  that  period,  have 
since  amply  demonstrated,  that  upon  the  question  as  so 
limited  in  Mr.  Watt's  contemplation,  viz.  as  it  concerned 
engines  to  be  used  upon  common  roads,  his  distrust  of  a  suc- 
cessful result  was  very  far  indeed  from  being  unfounded.    But 

♦  5th  October.  1786. 
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evidently  one  great  cause, — ^perhaps  the  principal  one,— of  his 
oomparatiYe  disregard  of  the  further  prosecution  of  this  great 
practical  experiment,  as  well  as  of  the  not  less  arduous  one 
of  steam-navigation,  was  the  constant  and  advantageous  em- 
ployment of  the  Soho  works  in  the  construction  of  stationary 
land  engines.  Of  those  the  effect  was  not  doubtful,  and  they 
required,  in  order  to  the  perfection  of  their  manufacture,  and 
the  consequent  completeness  of  their  operation,  the  best  and 
most  undivided  attention  that  their  makers  were  capable  of 
bestowing.  It  was  for  no  want  of  discernment  of  the  intw- 
esting  nature  of  the  problem  as  he  proposed  it  to  himself,  nor, 
as  our  readers  may  well  suppose,  from  any  deficiency  in 
inventive  ingenuity,  that  he  deferred  its  further  solution ;  for, 
although  he  seems  to  have  been  rather  inclined  to  prefer  ''  a 
"  short  working-beam"  to  direct  action  from  the  piston-rod, 
and  to  consider  the  proper  place  for  the  engine  to  be  behifid 
the  carriage  to  be  propelled,  and  forming  a  part  of  it,  still 
the  "violent  steam,"  "let  out  by  successive  puffi," — ^the 
copper  boiler,  "  cylindrical,  with  a  number  of  tubes  passing 
"  through,  like  the  organ-pipe  condenser," — ^the  use  of  "  coke 
"  instead  of  coal,"  to  prevent  "  the  disagreeable  circumstances 
"  of  soot  and  smoke,"  without,  however,  being  able  altogether 
to  avoid  "  the  sulphureous  air"  when  going  before  the  wind, — 
and  the  shaking  of  the  carriage,  "  superseding  the  necessity 
of  poking  the  fire,  but  being  apt  to  waste  the  cokes,  by 
making  them  fall  through  the  grate  before  they  are  con- 
"  sumed,"  form  a  series  of  particulars  which  bring  before  the 
mind  an  image  not  very  dissimilar  in  its  principal  features 
from  the  well-known  locomotive  engine  of  the  present  day. 

It  appears  also,  from  one  of  his  letters  which  we  have  just 
quoted,*  that  in  September,  1786,  Mr.  Watt  had  a  steam-car- 
riage "  of  some  size  under  hand,"  and  was  "  resolved  to  try 
"  if  Grod  would  work  a  miracle  in  favour  of  these  carriages." 
His  experiments  of  that  sort  appear  to  have  been  interrupted 
by  his  journey  to  Paris  in  the  winter  of  1786-7,  as  well  as  by 
his  finding  that  "  William  [Murdock]  applied  himself  to  his 


*  To  Mr.  BoultoD,  12th  September,  1786. 
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•*  businefls,"  without  further  urgmg  the  carriage  scheme : — 
and  they  do  not  appear  to  have  been  afterwards  resumed. 
But  his  friend  Mr.  Edgeworth,  (wliether  in  consequence  of 
any  previous  communications  with  Mr.  Watt,  or  solely  from 
his  own  ingenuity,  which  was  very  considerable,  we  know 
not),  seems  to  have  made  a  wonderfully  near  approximation 
to  the  real  secret  which  alono  was  wanting  to  bring  the  whole 
system  into  activity,  when  he  wrote,  in  1813,  "  I  have  always 
**  thought  that  steam  would  become  the  universal  lardy  and  that 
**  we  should  in  time  scorn  post-horses.  An  iron  railroad  would 
^^  be  a  cheaper  thing  titan  a  road  en  the  common  construction,^^  * 
Mr.  Edgeworth's  reflections  may,  not  improbably,  have 
arisen  on  his  perusal  of  Sir  Bichard  Phillips*   *  Morning 

*  Walk  to  Kew,'  published  in  the  same  year,  1813  ;  in 
which  the  following  remarkable  passage  occui-s  : — "  I  found 
"  delight  in  witnessing  at  Wandsworth  the  economy  of  horse 
**  labour  on  the  iron  railway.  Yet  a  heavy  sigh  escaped  me, 
"  as  I  thought  of  the  inconceivable  millions  of  money  which 
"  had  been  spent  about  Malta,  four  or  five  of  which  might 
**  have  been  the  means  of  extending  double  lines  of  iron  rail- 
"  way  from  London  to  Edinburgh,  Glasgow,  Holyhead,  Mil- 
*^  ford,  Falmouth,  Yarmouth,  Dover,  and  Portsmouth.  A 
"  reward  of  a  single  thousand  would  have  supplied  coaches, 
"  and  other  vehicles,  of  various  degrees  of  speed,  with  the 
"  best  tackle  for  readily  turning  out ;  and  wo  might,  ere  this, 
"  have  witnessed  our  mail  coaches  running  at  the  rate  of  ten 

*  miles  an  hour,  drawn  by  a  single  horse,  or  impelled  fifteen 
"  miles  an  hour  by  131enkinsop*8  steam-engine.  Such  would 
"  have  been  a  legitimate  motive  for  overstepping  the  income 
''  of  a  nation  ;  and  the  completion  of  so  great  and  useful  a 
"  work  would  have  aflbrded  rational  ground  for  public  triumph 

^  in  general  jubilee."! 

As  a  pendant  to  these  annals  of  some  of  the  earliest  at- 
tempts, in  this  country,  to  eifect  locomotion  on  land  by 
steam,  we  may  here  record  the  curious  coincidence  that,  in 

*  To  Mr.  Watt,  7th  Auj^uat,  1813.       particulars  are  given  of  the  rise  and 
t  Sec  Sniilea'  *  Life  of  Stephenson,'      progress  of  railway  locomotion, 
p.  150,  where  many  other  interesting 
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1841,  the  subject  prescribed  for  the  Latin  Epigram  for  Sir 
William  Browne's  gold  medal  at  Cambridge  having  been 
**  VehunUa  vi  vaporis  impulsc^'^  the  prize  was  gained  by 
Matthew  Piers  Watt  Boulton,  of  Trinity  CoUege,  tiie  grand- 
son of  Matthew  Boulton  of  Soho.  The  following  is  the 
prize  composition,  with  some  slight  variations  since  made  by 
its  author : — 

"  0  invidenda  cfiBteris  pne  gentibos, 

"  Bilecta  Dis  Britannia, 
"  Quantis  beavit  incolaa  donis  tuoB 

"  Scientiae  progressio ! 
"  Ne  jam  Sabsea  terra  veloces  equos, 

"  Nee  jactet  Hellas  Dasdalom ; 
"  Pemiciorem  machinam  invenit  tibi 

"  Vis  ingenl  sublimior. 
"  Eoce  lit  vaporis  cumis  impulsus  flabris 

"  In  ferret  cursum  vift 
''  Tenet,  per  arva,  trans  fluenta,  viscera 

"  Per  perforata  montiiim  ; 

Qukm  gaudet  intus  rapta  fuhnine  ocyor 
Stupetque  plebs  motum  novum  I 
'*  Hen  !  cum  repente  illisa  desilit  rota, 

Excussa  recto  tramite, 
"  Turn  dira  clades ;  civibus  cives  simul, 

'*  Nasique  nasis  comiunt. 
"  Hie  crura  fracta,  hie  mceret  obtusum  caput, 

"  Hie  oris  amissum  deeus. 
"  At  insciens  nos  turba,  crassa  peotora, 
Cur  rem  queramur  tantulam, 

Planetuque  vano  gloriis  scientise 

"  Obstemus  ?  Annon  eonvenit, 
**  Gum  citius  onmes  itur  in  terras,  via 

"  Citiore  fern  ad  Tartara?" 

The  sense  of  which  may  be  rendered, — ^though  its  elegance  is 
not  equalled, —by  this  English  translation : — 

"  Above  all  nations,  great  and  free 

**  Britannia,  lov'd  of  Heaven  1 
"  Wbat  mighty  blessings  hath  to  thee 

**  The  march  of  Science  given  1 

"  Let  Greece  not  boast  her  Daedalus, 

"  Nor  Araby  her  horses: — 
"  A  higher  wit  invents  for  us 

**  Machines  of  swifter  courses. 
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**  Its  iron  way  athwart  the  plain 

"  O'er  brooks  and  rivers  steering, 
"  Through  mountains  piercing,  and  again 

"  From  timneird  gorge  appearing, 

'*  Lo,  onward  speeds  the  flying  car, 

**  A  steaming,  puffing  wonder; 
'*  How  folks  do  stare  and  smile,  as  far 

**  They  distance  thus  the  thunder  I 

"  But  ah !  an  axle  breaks,  and  then 

"  Off  line  the  train  goes  crashing ; — 
''  With  dire  destruction,  men  on  men, 

''  Noses  on  noses  dashing. 

"  Some,  broken  legs, — some,  fractured  skulls, 

"  Bewail ; — some,  loss  of  beauty : — 
"  But  not  of  us, — poor,  stupid  gulls, — 
Is  censorship  the  duty  : — 

Of  such  mere  trifles,  who  complains  ? 
May  Science  reign  eternal, 
*'.And, — in  these  railroad  days, — run  trains 
'*  Express  to  realms  infernal !  " 
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CHAPTER  XXVI. 

NEW  LAMPS  —  QBAYIMETER  —  OAOUTCHOUO  TUBES  —  ABITHICETICAL  MA- 
CHINE—  ARTICULATED  WATER-PIPE  —  MACHINE  TOR  COPYING  SCULPTURE 
—  ITS  GRADUAL  PROGRESS,  AND  ITS  PERFORMANCES  —  DATES  AND  EX- 
TRACTS FROM  M88.  CONCERNING  IT  —  INTENDED  SPECIFICATION  OF  A 
PATENT  FOR  ITS  INVENTION  —  RELATIVE  DRAWINGS  —  TIME  EMPLOYED 
IN  ITS  OPERATIONS  —  PERFECTION  OF  THE  WORK  DONE — LATER  PRO- 
CESSES OF  A  SIMILAB  KIND. 

By  another  of  what  may  be  called  his  mechanical  recreations, 
practised  soon  after  the  date  of  the  last  of  his  steam-engine 
patents,  Mr.  Watt  seems  to  have  realised  the  idea,  made 
classical  by  the  story  of  Aladdin,  of  "  New  lamps  for  old." 
For  the  following  letter  to  Mr.  Argand,*  feimed  for  his  manu- 
factures of  that  sort,  contains  various  ingenious  suggestions 
on  the  subject  of  better  reading-lamps  than  had  before  existed ; 
and  for  a  long  time  lamps  were  made  at  Soho  on  Mr.  Watt's 
principles,  which  gave  a  light  surpassing  both  in  steadiness 
and  brilliance  anything  of  the  kind  that  had  appeared  in 
those  comparatively  dark  ages ;  and  which,  indeed,  we  have 
seldom,  if  ever,  seen  equalled  by  the  elaborate  contrivances 
so  much  vaunted  in  our  own  days  of  more  general  illu- 
mination. 

"  I  have  just  seen  some  of  Keir's  lamps,  but  have  not  seen 
"  them  tried ;  in  my  opinion,  they  will  be  found  troublesome, 
"  and  subject  to  be  out  of  order ;  for  the  quality  of  the  saline 
"  liquor  must  be  adjusted  to  a  drachm,  otherwise  they  will 
"  not  answer :  besides,  I  should  suspect  that  said  liquor  will 
''  have  bad  effects  upon  the  oil,  or  upon  the  vessels  containing 
"  it.  I  am  sure  they  are  clumsy,  logger-headed  things,  top- 
"  heavy,  and  liable  to  be  overset 

"  I  have  four  plans  for  making  lamps  with  the  reservoir 
"  below,  and  the  stem  as  tall  as  you  please.     The  first  is,  by 
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means  of  a  watch  fixed  above  the  reserroiry  which  shall  work 
a  small  forcing-pump,  about  the  size  of  a  quill,  at  proper 
intervals,  and  keep  the  burner  always  supplied ;  and  it  may 
be  so  contrived  as  to  stop  the  water  while  the  oil  is  within 
certain  limits  in  height  of  the  feeder  of  the  burner. 
**  Second,  by  means  of  a  pump  about  3  inches  diameter  and 
3  inches  stroke,  with  a  light  piston  fixed  to  it,  garnished  with 
a  pliable  leather,  made  to  go  easy,  and  perfectly  oil-tight. 
The  stem  of  this  piston,  which  guides  it  perpendicularly, 
to  be  pressed  down  by  a  dock  or  timepiece  spring  in  a  barrel. 

View  qf  Chaint  and  PvXUy. 


a  Piston. 
tb  Pamn. 
c  Feeding-tnbe. 
(2  Stem  and  rack. 
e  MTheel  on  spring  barrel. 


a  PlstoD. 
/•     b  Pnlley. 
c  Chain. 
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acting  on  the  stem  by  a  wheel  and  rack- 
teeth  on  the  stem ;  but  as  the  spring  will 
grow  weaker  as  it  unbends,  and  the  pillar 
of  oil  will  grow  heavier  as  the  piston  de- 
scends, to  regulate  these  inequalities  I 
attach  to  the  piston  one  end  of  two 
heavyish  chains,  which  lie  over  two  pul- 
leys, at  some  considerable  height  above ; 
80  that,  as  the  piston  descends,  more 
weight  of  the  chains  will  come  to  that 
side,  and  assist  it  in  the  descent.  The 
end  {d)  of  the  chain  must  be  always 
heavier  than  the  other,  so  that  it  may 
keep  it  tight. 
''  Third,  instead  of  making:  the  piston 

*  a  The  pUUm  fixed. 

moveable  as  in  the  last,  make  it  fixed;  »  The  pump  movoawe. 

,        -      ,.  .  «   .  c  The  feed-pipe. 

carry  the  feedmg-pipe  out  of  its    upper     <«  Wheel  on  aprlng-barrel. 
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"  surface ;  let  the  pump  be  moveable  upwards  by  means  of  a 
"  spring  and  barrel ;  then,  as  the  spring  grows  weaker  hy 
"  nnwinding  itsell^  the  height  of  the  column  of  oQ  and  the 
"  weight  in  the  pomp  will  both  grow  less,  in  a  ratio  to  which 
"  it  is  possible  to  adjust  a  spring. 

"  In  order  to  avoid  too  much  height,  the  pump  may  be 
"  pulled  up  by  two  racks,  fixed  to  the  upper  edge,  and  acted 
"  upon  by  two  wheels  on  the  axis  of  the  spring  barrel. 

"  Fourth,  last,  and  best.  Let  there  be  placed,  about  2  inches 
"  above  the  upper  end  of  the  glass  cylinder,  a  small  fly  like 
"  that  of  a  smoke-jack,  which  will  turn  round  very  swiftly  by 
"  the  current  of  air,  and  pretty  forcibly.  Let  this  fly  have  a 
"  stem  coming  down  in  the  inside  of  the  inner  cylinder ; 
^  "  at  its   lower  end   let   there   be 

"  an  endless  screw  of  one  thread, 
"  working  into  a  wheel  of  60  or 
"  100  teeth,  which  will  make  one 
"  turn  for  every  60  or  100  re- 
*'  volutions  of  the  fly ;  on  the  axis 
"  of  this  wheel  let  there  be  a  crank, 
"  (manivelle),  to  which  attach  Uie 
"  piston  of  a  small  pump  about  the 
"  size  of  a  goosequill,  and  ^  an 
"  inch  or  |  inch  stroke,  which  will 
"  always  keep  the  lamp  abundantly 
"  supphed  with  oil,  and  a  waste- 
"  pipe  may  convey  back  the  eu- 
"  perfluity.  I  once  thought  of 
"  making  it  work  s  rope-pmnp, 
"  but  the  crank  will  be  bettor,  and 
"  amadou  will  make  an  excellent 
"  piston ;  expertva  turn  the  amadoa, 
"  Now,  if  this  will  answer,  it 
"  wiD  be  the  To  Kaadn,  the  To 
"  To  MEniroN,  because  it  wiD 
"  perform  its  office  by  its  own 
"  vi»  iruita.  The  fly,  indeed,  will 
litt^^.  "  darken  a  small  space  above  it, 


a  FlY.  b  Git 
•t  Spbdk.  I  Ka 
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^  bnt  it  will  serve  to  amuse  people,  and  consequently  will 
^  sell  if  well  made.  In  short,  I  like  it  so  well,  that  if  you 
^  will  try  it,  and  find  it  answers,  I  will  go  half  with  you  in 
^  a  patent  for  England,  if  yon  choose  it ;  otherwise,  it  is 
^  entirely  at  your  service  to  make  what  use  of  it  you  please. 
"  Keir's  lamp  has,  however,  one  good  property  which  this 
^  will  not  have,  viz.,  as  his  piUar  of  saline  liquor  grows 
**  shorter,  the  piUar  of  oil  grows  shorter  too.  Keir's  lamp 
**  may  be  improved  in  this  way : — let  aa  be  an  open  vessel 
^  containing  oil,  and  M  be  a  close  vessel  containing  the  same 
**  fluid,  e  a  vessel  containing  air ;  then  the  oil  in  aa  will 
^  descend  into  the  vessel  c,  by  d,  and  the  air  will  ascend  by 
''  the  pipe  e  into  the  upper  part  of  i,  tmd  will  force  tlie  oil  in 


JTaV «  Lamp, 


Saline  liquor. 


OU. 

Saline  liquor. 


"  it  to  ascend  by  the  pipe  /  as  much  above  b  as  the  surface 
'^  of  oil  in  c  is  below  the  surface  in  aa.  By  this  means  you 
^  will  be  quit  of  the  saline  liquor  and  aU  its  embarrassments, 
**  and  you  may  carry  the  burner  higher  than  he  can ;  and  if 
*  you  use  a  saline  liquor  in  aa,  you  may  carry  it  twice  as  high 
«  as  he  does.  Q.  E.  D.  Sat  verbum  sapienti,  Valeant  quarir 
**  turn  valere  possunt,  &c.  &c.  &c."  * 

About  a  year  after  the  date  of  the  above  letter,  Mr. 
Watt  made  a  pretty  instrument  for  determining  the  specific 
gravities  of  liquids,  having,  he  says,  improved  on  a  hint 
he   had  taken.      **  It   consists   of  a  syphon  of  two  equal 


*  To  Mr.  Aigand,  Sih  August,  1787. 
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*^  legs,  with  a  tube  joined  to  the  bend  of  it,  and  a  little  water 
^  in  that  tube.  One  leg  being  immersed  in  water,  and  the 
^*  other  in  the  liquid  to  be  examined,  by  sucking  at  the 
^'  pipe  the  liquors  will  both  rise  to  columns  proportioned 
*^  to  their  specific  gravities ;  and,  if  it  is  about  13  inches 
*'  long  in  the  legs,  you  can  easily  judge  within  ^^  part 
"  of  the  specific  gravity,  or,  rather,  of  the  longest  column 
"  suspended."  * 

So  late  as  1856  we  have  read  the  following  announce- 
ment from  St.  Petersburg,  showing  that  Mr.  Watt's 
method  is  not  without  its  followers  even  in  the  present 
era  of  more  exact  science : — ^'  A  very  simple  contrivance 
''  has  been  arranged  by  A.  Meyer,  for  measuring  the  specific 
^^  gravity  of  solid  and  fluid  bodies.  It  consists  of  a  glass 
''  cylinder,  (I  presume,  a  precipitating  glass),  a  glass  tube  in 
^*  the  form  of  a  syphon,  and  a  brass  screw  vice  for  holding  the 
"  syphon."  t 

Little  more  than  a  year  after  the  date  of  the  specific- 
gravity  machine,  he  says  that  he  had  '^  found  out  a  method 
"  of  making  tubes  of  the  elastic  resin,  without  dissolving  it," 
which  recipe  he  offered  to  give  to  his  friend  the  Chevalier 
Landriani  We  have  not  found  this  method  described  in  any 
subsequent  letter  of  Mr.  Watt,  of  which  a  copy  has  been  pre- 
served ;  but  the  subject  of  it  was  one  which  excited  considei> 
able  interest  at  that  time,  and  the  importance  of  such  tubes 
for  a  thousand  purposes  in  science  and  the  arts,  is  now  uni- 
versally understood.  Winch  and  Cavallo's  mode  of  dissolving 
caoutchouc  in  sulphuric  aether,  and  forming  tubes  by  dipping 
cylindrical  clay  moulds  into  the  viscous  solution,  as  described 
in  works  of  that  date,  received  great  attrition  from  chemists 
both  in  this  country  and  on  the  Continent,  as  supplying  a 
great  desideratum  in  the  apparatus  of  the  laboratory.^ 

The  arithmetical  machine,  on  which  Mr.  Watt  saya^  in 
1785,  that  he  had  been  turning  ''some  of  his  idle  thoughts," 
he  does  not  appear  ever  to  have  prosecuted  further  than  by 
mentally  considering  the  manner  in  which  he  could  make  it 
perform  the  processes  of  multiplication  and  division:   pro- 

•  To  Dr.  Black,  June  8th,  1788.        f  *  The  Times,*  8th  March,  1856. 
}  Bee  the  '  Trayels  of  St  Fond,*  toL  i.  pp.  28^. 
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cesses  which  may  be  held  to  imply  the  earlier  steps  of  addi- 
tion and  subtraction.  But  in  a  mind  such  as  his,  this  may 
safely  be  presumed  to  have  been  ah*eady  no  inconsiderable 
stage  of  advancement  towards  the  completion  of  such  a 
machine.  He  calls  the  arrangement  of  it,  as  so  provided  for 
in  his  own  view,  "  exceedingly  simple ;"  but  speaks  modestly 
of  ^  making  an  attempt  at  making  it,"  and  of  it  being  only 
an  attempt,  firom  his  experience  of  the  difficulties  which  in 
mechanics  intervene  "  between  the  cup  and  the  mouth."  Of 
the  wisdom  of  this  caution  no  one,  probably,  has  been  made 
more  fully  aware  than  that  ingenious  mathematician  and 
machinist  of  our  own  time,*  who,  at  great  pecuniary  cost,  and 
with  still  greater  expenditure  of  ingenious  thought  and  un- 
wearied application,  succeeded  in  producing  a  macliine  which 
realised  even  more  than  Mr.  Watt's  early  announcement  con- 
templated. '^  I  have  been  turning  some  of  my  idle  thoughts 
^  lately  upon  an  arithmetical  machine ;  how  I  shall  succeed 
**  I  know  not,  not  having  made  it  yet  Its  properties  are  to 
"  be,  that  when  you  want  to  multiply,  you  first  turn  up  one 
**  figure  of  the  multiplier,  you  then  turn  up  in  their  order  all 
''  the  figures  of  the  multiplicand,  and  the  machine  will  show 
"  the  product  by  that  multiplier ;  you  then  turn  up  the 
**  second  figure  of  the  multiplier,  and,  beginning  one  place 
^  towards  the  left  hand,  you  turn  up  again  all  the  figures  of 
"  the  multiplicand,  and  the  machine  shows  the  product  by 
^  these  two  figures  ready  added,  and  so  on  for  any  number  of 
«  figures ;  and  it  will  perform  division  nearly  as  easily,  with- 
^  out  the  least  calculation  or  burthen  to  the  memory,  other 
**  than  to  take  the  figures  in  their  order,  beginning  at  either 
**  end  you  like.  I  intend  to  make  an  attempt  at  making  it ; — 
**  I  say  an  attempt,  for  though  the  machine  is  exceedingly 
^*  simple,  yet  I  have  learnt  by  experience  that  in  mechanics 
«  many  things  fall  out  between  the  cup  and  the  mouth."  t 
Another  of  his  contrivances,  happy  in  its  conception,  and 

*  It  is  scarcely  necessary  for  xa  to  the  mechanical  skill  of  this  counti^, 

do  more  than  allude  to  the  name  of  already  most  highly  distingnished  in 

Mr.  Babbage ;  the  success  of  whose  the  line  of  his  predilection, 

difficult  pursuits  has  been  so  honour-  t  Mr.  Watt  to  Mr.  Do  Luc,  11th 

able,  not  only  to  himsell^  but  also  to  Dcocmbcr,  1785. 
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less  difficult  of  completion  than  the  arithmetical  machine 
would  of  necessity  have  been,  belongs  to  the  early  part  of  the 
present  century.  He  was  about  that  time  consulted  by  the 
company  of  proprietors  of  the  Glasgow  Waterworks,  as  to  a 
difficulty  that  had  occurred  in  laying  pipes  to  bring  pure 
spring  water  across  the  river  Clyde,  to  the  company's  engines 
at  Dalmamock :  the  channel  of  the  river  being  there  covered 
with  mud  and  shifting  sand,  full  of  inequalities,  and  subject 
to  the  pressure  of  a  considerable  body  of  water.  A  long  and 
flexible,  or  rather,  articulated  suction-pipe,  with  joints  formed 
on  the  principle  of  those  in  a  lobster's  tail,  and  so  made 
capable  of  accommodating  itself  to  all  the  actual  and  possible 
bondings  at  the  bottom  of  the  river,  was  at  once  recommended 
by  him.  This  crustacean  tube,  two  feet  in  diameter,  and  one 
thousand  feet  in  length,  was  executed,  from  his  plans  and 
drawings,  by  Messrs.  Boulton  and  Watt,  and  was  found  to 
succeed  perfectly  in  practice.  Although  Mr.  Watt's  services 
"  were  induced  solely  by  a  desire  to  be  of  use  in  procuring 
"  good  water  to  the  city  of  Glasgow,  and  to  promote  the 
"  prosperity  of  a  company  which  had  risked  so  much  for  the 
"  public  good,"  they  were  handsomely  acknowledged  by  the 
presentation  to  him  of  a  piece  of  plate,  of  the  vfdue  of  one 
hundred  guineas.  An  account  of  the  flexible  water-pipe, 
accompanied  by  an  engraving  of  the  drawing  sent  by  Mr. 
Watt,  was  communicated  by  the  late  Sir  John  Bobison  to 
the  *  Edinburgh  Philosophical  Journal '  in  1820.* 

As  he  mentioned  to  Count  Berthollet  and  others  of  his  cor- 
respondents, in  1810,  Mr.  Watt  had  for  several  years  felt 
disabled,  by  the  state  of  his  health,  from  making  chemical 
experiments.  But,  as  he  used  to  say,  "  without  a  hobby- 
**  horse,  what  is  life  ?"  and  one  engrossing  occupation,  nearly 
akin  to  those  of  his  earlier,  but  what  we  can  hardly  call  hk 
better  days,  he  also  found  in  gradually  perfecting  a  sculp- 
ture-machine :  a  highly  ingenious  invention,  the  idea  of  which 
was  suggested  to  him  by  an  implement  he  had  seen  and 
admired  in  Paris  in  1802,  where  it  was  used  for  tracing  and 


*  *  Edinburgh  Phil.  JoonuO,'  yoL  Hi.  p.  60. 
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mnltiplymg  the  dies  of  medals.  He  foresaw  the  possibility, 
if  only  some  mechanical  difficulties  could  be  overcome,  of  so 
enlaiging  its  powers  as  to  admit  of  it  making  in  wood  or  the 
•after  kinds  of  stone, — ^nay,  even  in  marble, — copies  of  works 
of  sculpture,  which  should  be  perfectly  true  to  their  originals, 
*1dthough  of  a  smaller  size ;  and  the  imagination  of  such  an 
exploit  seems  to  have  been  peculiarly  delightful  to  him,  com- 
faining  as  it  did  some  elements  of  more  than  one  of  his  other 
CBtYOurite  inventions.  For  the  new  machine  was  to  do,  for 
Bolid  masses  and  in  hard  materials,  what  his  copying-machine 
of  1782  had  already  done  for  drawings  and  writings  im- 
pressed upon  flat  surfaces  of  paper ;  while  it  was  necessary 
that  the  movements  requisite  for  such  a  purpose,  however 
complicated  they  might  unavoidably  be,  should  possess  great 
power  to  act  on  the  obdurate  substances  subjected  to  their 
operation,  and  be  at  the  same  time  as  entirely  under  control  as 
if  regulated  by  the  gentle  energy  of  the  "  governor,"  and  act- 
ing with  all  the  delicate  smoothness  of  the  "  parallel  motion." 
Of  the  exact  date  when  he  began  to  construct  the  first 
parts  of  this  novelty  in  the  engine  department,  we  have  been 
unable  to  find  any  precise  note.  In  1791  he  wrote  to  Dr. 
Black  that  he  had  been  employed  for  some  time  on  an  arti- 
ficial alabaster,  which  he  had  brought  nearly  to  the  hardness 
and  transparency  of  marble, — very  much  harder  than  any 
natural  alabaster ;  and,  although  he  does  not  mention  how 
this  artificial  alabaster  was  made,  many  of  the  specimens  of 
the  performance  of  his  sculpture-copying-machine  were  after- 
wards made  of  a  similar  material.  The  Sist  clear  indications 
that  we  have  met  with  of  his  making  use  of  anything  that 
approached  to  the  reality  of  such  a  machine,  occur  in  1807 
and  1808,  when  its  construction  appears  to  have  been  consi- 
derably advanced,  and  he  got  from  London  some  models  to 
copy, — **  small  busts  of  Socrates  and  Aristotle,  and  a  sleeping 
"  boy,  sent  by  Turnerelli,  the  sculptor."  *  He  then  also  or- 
dered some  diamond  cutting-pencils  for  what  he  termed  his 
«  Parallel  Eidograph."  t    By  April,  1809,  he  had   "  made 


♦  25th  July,  1807.  t  November,  1808. 
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**  considerable  progress  with  the  carving-machine,  and  it 
^  seemed  necessary  to  christen  it  with  a  Greek  name,'*  which 
to  Professor  Young,  then  the  accomplished  Professor  oi  Greek 
at  Glasgow  College,  he  suggested  might  be  Iconopoia^  Icon- 
urga,  Iconoglypta,  Agalmatopoia,  Glyptes,  Polyglyptes, 
Glyptic  machine,  &o.,  names  to  which  he  afterwards  added' 
those  of  Bust-lathe,  Statue-lathe,  Pantograph,  Double  Pan- 
tograph, and  Double  Parallel-lathe.  At  the  same  time  he 
got  for  it,  besides  gouges  and  other  tools,*  *'  drills  made  in 
''  steel  frames  of  peculiar  construction,  to  turn  with  great 
^  velocity  and  without  a  shake ;"  and  before  the  end  of  May 
of  that  year  he  wrote  to  his  friend,  Dr.  P.  Wilson,  that  he 
had  now  made  the  glyptic  machine  polyglyptic,  as  he  could 
do  two  or  more  copies  at  once,  but  that  it  was  ^^  still  far 
^  short  of  his  ideas :  Are  longer  vita  brevisj'  At  the  same 
date  he  informed  his  son  James  that  since  getting  his  new 
drill-frames  from  Manchester,  (where  they  had  been  made  by 
a  skilful  workman  of  the  name  of  Green,  under  the  imme- 
diate superintendence  of  the  eminent  machinist  Peter 
Ewart),  he  had  tried  them  only  so  far  as  to  find  that  he 
could  work  two  drills  at  once,  and  that  he  had  finished  ^  a 
**  large  head  of  Locke  in  yellow  wood,  and  undercut,  and  a 
"  small  head  of  Dr.  [Adam]  Smith,  in  ivory,  which  were  both 
*'  done  on  the  iron  platform :  the  former  not  so  well,"  he 
adds,  *'  as  I  expect  to  do,  but  very  welL"  Other  occupa- 
tions interfered  to  prevent  his  doing  other  carvings  at  that 
time. 

Six  weeks  later  t  h6  explains  to  Professor  Young  the  origin 
of  the  machine,  which  was  now  so  far  advanced,  sayings 
"  There  is  a  machine  of  the  nature  of  a  turning-lathe,  whidi 
**  copies  medals  and  other  things  in  bas-relief;  it  is  called  in 
^  France  tour  h  m^daittes,  in  English  the  Ukeneu-laihe.  I 
^'  have  thought  of  some  improvements  on  it,  which  somewhat 
*'  extend  its  uses ;  (this  is  at  present  a  secret^  which  I  do  not 
"  wish  to  be  spoken  of)."  Throughout  that  and  the  foUowing 
year  he  gave  various  directions  to  Mr.  Murdoch,  then,  as 


♦  80th  Maroh.  1809.  f  7th  July,  1809. 
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always,  his  most  able  assistant  at  Soho,  and  to  Mr.  Peter 
Ewart  at  Manchester,  who  gladly  performed  for  him  the  like 
friendly  offices,  as  to  the  improvement  of  some  of  its  separate 
parts,  observing  to  the  latter  gentleman,  **  You  know  my 
"  anxiety  to  complete  it  while  I  can."  *  To  his  friends,  MM. 
Leveque  and  Berthollet  also,  he  described  the  stage  of  its 
progress  at  which  the  machine  had  arrived,  and  his  intention, 
if  he  should  live  to  complete  it,  of  communicating  a  fiill 
aooount  of  its  construction  to  them.t  **  I  still  do  a  little  in 
^  mechanics :  a  part  of  which,  if  I  live  to  complete  it,  I  shall 
**  have  the  honour  of  communicating  to  my  friends  in 
**  France."  And,  '^  I  have  turned  my  attention  to  mechanics 
**  whenever  my  health  permitted,  and  have,  as  I  hope,  nearly 
'  completed  a  machine  which  promises  to  be  of  use  in  the 
'*  imitative  arts,  and  of  which,  if  I  am  enabled  to  complete 
^  it,  I  shall  send  you  a  description  ;  but  at  present  I  do  not 
like  to  say  much  upon  a  matter  in  prospectu — I  wish  to 
speak  de  facto.  Whatever  may  be  its  success,  it  has  at 
^  least  had  the  good  effect  of  making  me  avoid  many  hours 
^  of  ennui,  by  employing  my  hands  when  I  could  not  employ 
*'  my  head,  and  [has]  given  me  some  exercise  when  I  could 
«  not  go  out"  t 

Early  in  1811  he  wrote  to  Dr.  P.  Wilson  that  his  inven- 
tion continued  to  succeed,  and  that  he  had  realised  some 
more  of  his  ideas  on  the  subject,  having,  by  very  accurate 
construction  of  the  machine  and  adjustment  of  the  tools,  &c., 
overcome  the  difficulty  of  getting  *'  the  several  segments 
**  which  form  the  surface  of  the  bust  to  meet ;"  and  having 
executed  several  small  busts  in  alabaster,  he  ^'not  being 
**  strong  enough  to  work  marble."  §  "  It  requires  a  very  ac- 
**  curate  construction  of  the  machine,  and  a  very  accurate 
^  adjustment  of  the  tools,  so  that  their  axes  may  be  always 
^*  equally  distant  from  each  other,  as  the  axes  of  the  pattern 
**  and  that  of  the  stone  to  be  cut  are."  Also,  that  whereas 
the  specimens  Dr.  Wilson  had  seen  were  done  by  the  cutting- 
tool  and  the  guide-point  moving  in  parallel  lines,  which  were 
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either  straight  or  circular,  and  very  near  each  other, — "  (an 
''  illustration  of  Euclid's  position,  that  the  motion  of  a  point 
**  generates  a  line,  and  the  motion  of  a  line  generates  a  Bor- 
^'  face)," — ^he  had  now  contrived,  though  not  executed,  that 
the  two  ^points,  the  guiding  and  the  cutting-point,  might 
**  move  in  any  line,  straight  or  crooked,  square  or  diagonal, 
'^  so  that  an  inscription  might  be  cut  in  stone  from  a  drawing 
**  on  paper."  **  The  principle  is  the  making  a  drill,  or,  in  some 
**  cases,  a  sharp  point,  walk  over  the  work  to  be  done,  in 
*'  some  given  ratio  to  the  motions  of  a  blunt  point  upon  the 
"  pattern ;  but  there  is  some  art,"  he  observes,  "  in  making 
'^  a  drill,  while  continually  varying  its  situation,  turn  round 
"  regularly  with  any  desired  velocity ;  and,  on  the  whole, 
"  there  is  some  art  required  in  the  use  and  application  of 
"  the  tools,  which  experience  only  has  taught  me."* 

"  I  was  much  gratified,"  writes  Dr.  Patrick  Wilson,  "  by 
"  the  particulars  you  mentioned  concerning  your  new  in- 
«  VBNTION,  as  to  which  my  lips  were  ever  sealed  till  lately, 
"  that  I  perceived  you  had  imparted  it  to  the  excellent  Dr. 
"  Herschel,  when  with  you  at  Heathfield  last  summer.  We 
**  then,  under  your  patent,  talked  about  it  confidentially, 
**  when  I  was  pleased  to  find  your  contrivances  had  been  ad- 
**  mired  by  that  friend,  who  certainly  is  an  excellent  judge. 

"  The  first  thought  of  making  a  cutting  or  gnawing  point 
"  eat  its  tpaff,  according  to  three  dimensions,  with  next  to 
**  mathematical  precision  too,  by  the  turning  of  a  winch,  so 
'^  as  to  search  for  beautiful  forms  into  the  heart  of  marbles, 

and  bring  them  out  into  fuU  daylight,  is  no  mean  instance 

of  human  sagacity,  when  bi/  hook  and  by  crook  the  thing  has 
**  been  so  accomplished. 

'^  In  all  matters  of  this  sort,  nine-tenths  of  the  whole 
^'  achievement  consist  in  setting  before  the  mind  the  desider- 
^'  atum,  though  disrobed  of  the  means :  I  mean  in  the  fadum^ 
**  ptUa,  which  lies  remote  from  ordinary  or  common  analogies 
"  or  associations,  and  which  is  the  creation  of  genius  alone* 
**  The  precious  germ  afterwards  requires  but  the  fostering 


it 
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care  of  its  parent,  to  expand  till  it  arrives  at  fulness  of 
stature.  So  have  prospered  with  you,  my  good  friend, 
many  important  inventions ;  and  so,  I  doubt  not,  the  pre- 
sent one  will  attain  to  maturity,  to  reward  your  patient 
« thought" • 

During  the  next  three  years,  notwithstanding  that  the 
'^  garret,"  in  which  the  machine  and  all  its  appurtenances 
irere  placed,  was  too  hot  in  the  heats  of  8ummer,t  and  too 
cold  in  the  depth  of  winter,}  for  the  old  man  to  spend  much 
time  imder  its  roof,  the  progress  he  still  was  making,  and  the 
interest  he  continued  to  feel  in  his  curiously  skilful  process, 
were  attested  by  "  very  smooth  work  on  an  Egyptian  head" 
he  was  cutting  in  mahogany,§  as  well  as  by  ^'  a  little  figure 
"  of  a  boy  lying  down,  and  holding  one  arm,  very  successfully 
**  done ;  and  another  boy,  about  six  inches  high,  naked,  and 
**  holding  out  both  his  hands,  his  legs  also  being  separate." 

**  The  band-guide  fully  answers  expectation,  and  even 
^  follows  the  motions  of  the  &ame  faster  than  I  hoped.  The 
^  axis  bends  a  Uttle,  but  not  injuriously :  it  would  have  been 
"  better  a  hollow  tube.  The  tumed-up  edged  tool  makes  very 
**  smooth  work  on  an  Egyptian  head  I  am  cutting  in  maliogany. 
"  I  cannot  manage  the  twisted  tools  on  wood ;  they  will  occa- 
**  sionally  set  in  their  claws  and  split  off  pieces ;  but  the  four- 
**  toothed  tool  is  more  manageable,  and  works  faster."  || 

**  But  I  have  been  principally  employed,"  he  adds,  "  in 
**  making  drawings  for  a  complete  machine,  all  in  iron,  which 
^  has  been  a  very  serious  job,  as  invention  goes  on  very 
**  slowly  with  me  now." 

Mr.  Murdock  soon  finished  the  manufacture  of  the  *'  new 
"  loom,  which  looks  very  scientific  and  answers  its  purpose," 
and  Mr.  Watt,  although  still  seeing  "  so  much  to  be  done," 
that  he  feared  he  should  never  accomplish  it,  or  that,  when 
done,  it  would  not  be  worth  the  trouble,  otherwise  than  as  a 
mental  and  bodily  exercise,  had,  by  March,  1814,  "succeeded 
**  tolerably  in  making  drills  for  working  marble,  which  has 


•  11th  May.  1811.  §  To  Mr.  Murdock,  7th  December, 

t  To  Mr.  P.  Ewart,  11th  July,  1811.      1812. 
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*^  hitherto  been  a  matter  of  diflSciilty ;"  and  in  the  following 
autumn  he  wrote  to  his  engineering  friend  Mr.  John  Farej, 
jun.,  '<  my  machine  is  now  undergoing  one  of  its  ultimate 
"  changes,  and  I  expect  very  soon  to  have  it  completed." 

Accordingly,  in  September  of  the  same  year,  he  wrote 
what  appears  to  have  been  intended  as  the  title  and  com- 
mencement of  a  specification  of  a  patent  for  the  invention. 
The  title  shows  that  the  description  stops  short  altogether  of 
one  of  the  two  species  of  machines  intended  to  be  included  in 
it ;  it  is  also  obviously  incomplete  as  to  many  particular  pro- 
portions and  movements  of  the  several  individual  parts  requi- 
site for  producing  the  desired  effect  But  of  all  of  them, 
accurate  drawings,  beautifully  made  by  himself,  to  a  scale, 
remain ;  showing  that  the  machines  were  not  only  completed 
in  fact,  and  used  in  practice,  but  were  also  carefully  deli- 
neated by  him,  with  a  view,  no  doubt,  to  the  relative  draw- 
ings proper  to  be  attached  to  such  a  specification,  when  deli- 
vered in  at  the  Patent  Office.  The  invention  having  been 
thus  fully  completed,  and  having  also  been  publicly  used  by 
Mr.  Watt  in  making  the  frequent  copies  of  various  q)ecimen8 
of  sculpture  which  he,  &om  time  to  time,  distributed  to  his 
friends,  operated,  in  more  than  one  instance,  to  prevent 
patents  being  subsequently  taken  out  by  others  for  similar 
ingenious  machines. 

The  following  is  the  fragmentary  description  to  whidi  we 
allude,  and  which  is  dated  September  21st,  1814 : — 

''  Certain  new  methods,  machines,  tools,  and  processes^  by 
**  means  of  which  copies,  duplicates,  or  imitations  are  or  may 
^*  be  executed,  cut,  carved,  or  made  firom  the  originals,  casts, 
*^  or  models  of  statues,  busts,  medallions,  seals,  dies,  moulds, 
**  mouldings,  and  other  carvings,  bent,  waving,  and  uneven 
"  surfaces,  in  or  upon  some  sorts  of  metal,  ivory,  bone,  horn, 
"  tortoise-shell,  wood,  marble,  and  certain  other  stones  and 
*^  other  substances ;  so  that  the  said  copies  are  or  shall  be  of 
^'  the  same,  or  of  some  greater  or  lesser  size  than  the  said 
*^  originals,  within  certain  limits  as  may  be  desired. 

"  The  said  machines  are  of  two  kinds :  First,  those  which 
'^  are  intended  to  form  copies  of  lesser  or  greater  dimensions 
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**  than  the  originals  or  patterns ;  and  secondly,  those  which 
**  are  intended  to  form  copies  of  the  same  size  as  the  originals 
**  or  patterns. 

<<  I  b^in  with  the  first  kind,  as  being  the  most  simple  in 
**  their  construction.  They  consist  of  a  bar,  beam,  or  radius, 
^  having  one  universal  joint  or  other  centre-piece,  at  one  end, 
f*  which  permits  the  other  end  to  be  moved  in  any  direction, 
**  but  will  not  permit  the  said  bar  or  beam  to  turn  upon  its 
**  own  axis  in  any  sensible  degree.  This  beam  is  connected 
^  fay  the  said  joint  with  one  end  of  an  oblong  platform,  upon 
"  which  are  guided  two  tablets,  in  such  manner  that  they  can 
**  be  slid  to  and  from  the  centre  without  lateral  shake.  Upon 
**  the  said  beam  are  fixed  two  sockets,  each  carrying  a  point 
^  perpendicular  to  the  surface  of  the  said  tablets ;  and  the 
**  distance  of  these  points  from  the  centre  of  motion  of  the 
^  beam  is  proportioned  to  the  difference  of  size  which  is  in- 
^  tended  to  be  made  between  the  patterns  and  the  copy,  so 
^  that  when  the  one  point  called  the  guide,  (which  must  be 
^  more  or  less  blunted),  is  drawn  backwards  and  forwards 
**  upon  the  pattern,  (which  is  fixed  upon  one  of  the  tablets), 
"  the  other  point,  which  is  sharp  or  cutting,  may  cut  or 
^  form  a  line  upon  the  block  or  substance  to  be  operated 
**  upon,  which  is  fixed  upon  the  other  tablet^  similar  in  its 
^  elevations  and  depressions  to  the  line  traced  by  the  guide- 
«  point" 

On  one  of  the  drawings  Mr.  W.  has  written  '^  This  panto- 
**  graph  will  serve  to  reduce  to  ^,  ^,  and  ^.  A  similar  one 
^  wfll  reduce  to  ^  and  ^ ;  ^  and  1^  are  not  so  useful,  and  may 
"be  omitted."* 


*  We  have  also  found,  in  Mr.  Watt's 
handwriting,  the  following  recipes  ibr 
a  **  Cement  for  hardening  plaster  nat- 
"  terns  for  the  carving  machine,  of 
date  Nov.  Ist,  1810  :— 

**  1.  Wax  (  ozo  black  rosin  2  oz. ; 
"  melt  together  by  a  gentle  heat. 

'*  2.  Wax  1  OK.,  red-lead  or  litharge 
"  1  drachm,  rosin  2  oz. ;  dlssolye  the 
"  red-lead  in  the  wax  by  boiling  them 
*•  tni  eflcrvcsocnce  ceases,  then  add 
**  the  rosin,  and,  when  melted,  with- 
"  draw  from  the  fire. 


**Wax  1  oz.,  solphor  1  drachm; 
"  nnite  them  by  a  strong  heat,  and 
**  then  add  2  oz.  rosin  at  a  lower  heat. 

••  The  cement  No.  1  molts  very  fluid 
**  at  a  low  heat,  and  will  do  very  well 
"  for  subjects  where  smaU  guide- 
**  points  are  not  necessary. 

"  Where  small  points  are  necessary, 
**  No.  2  or  No.  8  should  be  used ;  but 

they  do  not  run  so  thin,  and  requiro 

more  heat  to  melt  them,  espedally 

No.  2. 

'*To  use  these  cements,  let  the 
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On  the  backs  of  letters  there  remain  some  notes  made  If 
Mr.  Watt,  of  the  time  occupied  by  him  on  several  dajB  ia 
saccession  in  making  copies  of  basts  with  the  diminiAhig 
machine  :  one  specimen  of  such  rough  journals  we  give  heRi 
as  indicating  the  yarious  steps  of  the  process  and  the  oompi' 
rative  time  occupied  in  each.  The  result  was  a  beantibl 
head,  in  alabaster,  which  still  exists  in  the  possession  of  Xr. 
Watt's  representatives ;  but  it  was  done  before  the  atttin- 
ment  of  all  the  facility  with  which  some  later  improTements 
of  the  machine  enabled  the  operator  to  work,  and  which  give 
greater  rapidity  of  execution : — 

Bust  of  Sappho^  January^  1811. 

"  Jan.  28.  Making  pedestal,  1  hour 1 

"  29.  Soaking  in  a  strong  coat  of  oil-vamiih,  and  cemendng 

"  the  bust  on  pedestal 1 

**  ZO,  Cutting  out  the  stone,  cementing  it  and  the  bast  to  the 

'*  moveable  plates,  and  fixing  the  centres     ....  3 
«  31.  Houghing  the  stone  with  the  tearing-drills  to  widun 
"  the  thickness  of  a  halfpenny  of  the  truth ....  9 
'*  Feb.  1.  Going  over  it  with  the  quarter-inch  drill  to  within  the 

*'  thickness  of  a  thin  sixpence 5 

"  Saturday  2.  Doing  the  face  with  the  l-8th  drill  to  the  truth,  from 

"the  outer  comer  of  one  eye  to  do.  of  the  other 

**  (went  too  slow) 5 

"  3.  Doing  her  breast  with  do 1 

"  Monday  4.  Do.  one  side  of  the  head 4 

"  Tuesday  5.  Do.  round  to  within  l-4th  of  the  whole 4 

'*  6.  Quite  round,  finished  the  shoulders,  removed  some  of 

"  the  steps,  or  plaits 3 

"  7.  Cut  the  crown  of  the  head,  midercut  the  neck,  and  cot 
"  it  off  from  the  centre-piece^  repaired  the  most  of  it .  3 


"  plaster  pattern  be  made  8u£Bciently 
**  hot,  by  placing  it  before  the  fire,  or 
**  in  an  oven  or  stovo ;  then  anoint  it 
**  with  the  comont  by  a  brush,  and  ex- 
**  pose  it  before  the  fire,  or  in  a  stove, 
'*  until  it  absorbs  the  oement  Give  it 
**  in  the  same  manner  a  second,  third, 
**  or  even  fourth  coat,  until  it  has  pene- 
"  trated  at  least  i  inch  into  the  plaster ; 
'*  remove  it  fh>m  the  fire  before  it  has 
"  totally  absorbed  the  last  coat,  which 
**  it  will  take  in  while  it  cools ;  and 
any  wliich  does  not  seem  likely  to 


M 


"  be  absorbed  must  be  wiped  offlijrft 
**  rag  or  some  tow.  and  the  psttn 
"  laid  in  a  cool  place.*' 

This  is  followed  by  a  "Cemflotti 
*'  fasten  the  pattema  to  be  cot  to  tte 
**  tablet  of  the  naachine.    Was  sad 

rosin  equal  parts,  aay  2  oa.  of  each. 

and,  to  prevent  it  ecackiDg  la  eoU 

weather,  add  ^  os.  of  a  mixture  dtt 
"  wrta  linaeed  oil  and  1  pari  of  vtfi 
"  boiled  together  until  when  oold  they 
'*  become  solid.** 
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If  it  should  be  discerned  by  any  rigidly  censorious  eye,  that 
of  the  Thirty-nine  Articles  of  which  this  number  of  hours 
oonsistSy  one  is  entered  to  the  account  on  a  Sunday,  we 
would  remark  that  to  Mr.  Watt,  at  that  time,  a  day  which 
passed  without  ^'a  touch  at"  his  farourite  machine  might 
perhaps  have  been  felt  as  no  day  of  real  rest : — ^but  that  at 
all  events  the  time  occupied  in  his  brief  labour  did  not  equal 
that  of  the  "  Sabbath-day's  journey"  permitted  under  the  old 
Judaical  dispensation  even  by  those  who  lived,  *'  after  the 
*^  most  straitest  sect,  Pharisees."  Such  philosophical  rather 
than  theological  employment  of  the  sacred  day,  however, 
even  if  only  partial  and  occasional,  will  recall  to  the  mind  of 
some  of  our  readers  the  dying  request  of  Johnson  to  Rey- 
nolds, tJiat  he  fvotUd  not  paint  on  Sundays ;  an  affecting  en- 
treaty, with  which,  we  need  scarcely  add,  that  great  master 
very  religiously, — and  in  the  end,  no  doubt,  very  profitably, — 
complied. 

In  1816,  the  machine  underwent  some  further  improve- 
ments, *'  to  assure  steadiness  in  its  working,"  but  in  August, 
1817,  Mr.  Watt  feeling  "very  languid  and  unfit  for  exertion 
**  of  any  kind,"  and  also  experiencing  *'  an  occasional  dimness 
**  of  sight  which  rendered  it  at  times  difiicult  for  him  to  write 
**  even  with  spectacles,"  deferred  his  superintendence  of  fur- 
ther changes  which  were  to  be  made  on  it,  till  his  return  from 
his  tour  in  Scotland.  Some  later  notices  that  we  have  of  it 
from  his  hand  are  interesting  ones ;  for  in  the  end  of  1817 
we  find  him  writing  to  his  friend  Chantrey,  then  near  the 
sunmiit  of  his  fame  as  the  first  of  British  sculptors,  *'the 
**  diminishing  machine  is  made  ready  for  the  trial ; "  Chan- 
trey replied  in  the  following  March  expressing  the  great  desire 
lie  felt,  from  the  report  Mr.  Bennie  had  made  to  him,  to 
examine  the  machine ;  and  offering  a  visit  to  Heathfield  for 
that  purpose  in  June  "  if  you  wiQ  be  kind  enough  to  encou- 
*'  rage  me  with  a  promise  that  I  shaU  then  see  it"  The 
desired  invitation  was  duly  sent;  but  when  Chantrey  next 
passed  through  Birmingham,  (on  his  return  from  Scotland  in 
1818),  it  unfortunately  happened  that  Mr.  Watt  was  absent 
from  home,  and   the  great   sculptor's    curiosity   therefore 
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remained  unsatisfied.  The  last  drawings  which  Mr.  Watt 
made  of  any  portions  of  the  machine  are  dated  by  him  Feb- 
ruary and  April,  1818.  But  it  does  not  appear  that,  in  the 
last  year  of  his  life,  he  did  much  more  to  or  with  it  It  seems 
by  that  time  to  have  been  nearly  or  altogether  perfect ;  and 
his  failing  strength  probably  unfitted  him  for  and  disinclined 
him  to  much  exertion  even  in  such  old  and  loved  pursuits. 
Then— 

**  Came  the  blind  Fury  witli  th'  abhorred  shears, 

"  And  slit  the  thin-spun  life.    *  Bur  not  the  pbaisb,* 

"  Phoebus  replied,  and  touched  my  tingling  ears.** 

The  sculpture-machine, — ^the  youngest  of  his  mechanical 
offspring, — ^the  child  at  once  of  his  old  age  and  of  his  right 
hand,*— had  always  been  a  great  favourite  with  its  venerable 
progenitor ;  and  it  is  not  difiBcult  to  imagine  the  sort  of  charm 
he  must  have  felt  in  thus  "  searching  for  beautiful  forms  into 
"  the  heart  of  marbles,  and  bringing  them  out  into  fiill  day- 
**  light.'*  The  means  required  in  order  to  such  graceftil 
elaboration, — ^not  indeed  unattended  with  difficulties,  such  as 
in  other  undertakings  on  a  more  gigantic  scale  he  had  been 
accustomed  to  meet  and  to  overcome,  but  free  alike  from 
either  anxiety  or  monotony, — ^gave  occasion  to  many  hours  of 
quiet  inventive  meditation  and  moderate  manual  exercise, 
such  as  befitted  the  weight  of  his  years,  and  did  not  interfere 
with  the  seclusion  which  he  loved.  His  plastic  performances 
were  usually  distributed  among  his  intimate  friends,  with 
playftil  apologies  for  the  imperfect  skill  of  so  young  an  artist ; 
but  some  remained  in  his  own  possession,  and  judging  from 
those  we  have  seen,  they  display  not  only  all  the  breadth  and 
boldness  of  outline,  but  also  the  more  intangible  graces  of 
animation  and  expression  possessed  by  the  models  from  which 
they  were  copied.  The  explanation  of  his  not  having  made 
the  operations  of  the  machine  more  widely  known  at  an 
earlier  period  is  doubtless  to  be  found  in  the  principle  he  an- 
nounces in  one  of  his  letters  to  Mr.  Magellan,  "  I  never  choose 


•» 


•  See   Gen.,    chap,    xxxv.,  v.    18.     ••  t.  e."  (odds  the  marginal  intetpreta- 
His  father  called  him  Benjamin ;"     tion)  "  the  son  of  the  right  hano." 
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*^  to  publish  anything  which  is  not  complete."*  And  such 
completeness  as  he  required  went  far  beyond  the  ordinary 
requirements  even  of  the  greater  number  of  other  accurate 
and  able  men. 

Those  who  have  witnessed  with  wonder  the  perfect  truth  of 
the  numismatic  and  artistic  fac-simile  engravings  which  by 
similar  glyptic  machines  a  Bate  and  a  Collas  have  in  later 
days  produced ;  or  the  economical  multiplication  of  carvings 
of  the  most  varied  and  intricate  designs,  which  by  the  mechar 
nical  resources  of  the  present  age  have  been  placed  within 
the  reach  of  nearly  all  who  desire  to  possess  them ;  or  the 
still  more  admirable  and  elevated  art  by  which  the  works  of 
a  Cheverton  can  boast  of  repeating  those  of  a  Canova,  a 
Thorwaldsen,  or  a  Chantrey ;  may  feel  interested  in  becoming 
acquainted  with  the  results  that  in  the  earlier  part  of  the 
ptresent  century  were  not  only  theoretically  planned  but 
practically  attained  by  the  sagacious  thought  and  skiKul 
hand  of  Watt 

Only  one  problem,  indeed,  seems  now  to  remain  for  such 
means  to  achieve;  that,  viz.  of  at  once  copying  from  the 
living  model,  in  materials  of  lapidary  hardness.  For  hitherto, 
in  the  object  to  be  copied,  an  inflexible  surface  has  always 
been  requisite,  to  enable  the  guiding-point  of  the  machine  to 
traverse  it  with  firmness.  But  even  this  appears  to  be  a  diffi- 
culty which  may  in  time  be  overcome ;  possibly  by  the  power 
being  applied  solely  to  the  cutting  tools,  but  their  direction 
being  regulated  by  a  guiding-point  delicately  moved  over  a 
soft  surface,  or  even  in  air.  It  is,  perhaps,  neither  to  be 
expected  nor  desired  that  such  a  process,  which,  however 
exact,  must  still  be  entirely  mechanical,  should  ever  super- 
sede the  freedom  of  inspiration  which  breathes  in  the  works 
of  a  Praxiteles  or  a  Phidias ;  any  more  than  that  the  angelic 
grace  of  a  Baphael  or  a  Correggio,  or  tlie  glorious  colouring 
of  a  Titian  or  a  Guide,  should  be  eclipsed  by  the  photographic 
results  of  the  mere  chemical  action  of  light  and  a  combination 
of  optical  media.     But  such  mechanical  and  philosophical 


♦  16th  October,  17S0. 
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contrivances  no  doubt  offer  very  many  additional  facilities  to 
the  study  and  attainment  of  the  highest  fictile  and  pictorial 
art ;  and  certainly,  as  the  means  of  at  once  encouraging  and 
gratifying  some  measure  of  artistic  taste  in  millions  of  human 
beings  who  must  otherwise  have  been  destitute  of  such  inno- 
cent and  rational  enjoyment,  their  inventors  deserve  at  once 
our  respect  and  our  gratitude. 

The  classical  "  garret "  and  all  its  mysterious*  contents, — 
the  Polyglyptic  Parallel-Eidograph  with  its  tools  and  models 
included, — have  ever  since  been  carefully  preserved  in  the 
same  order  as  when  the  hand  and  ''  eye  of  the  master  "  were 
last  withdrawn  from  them,  and  he  crossed  the  threshold  never 
to  return  to  his  work  on  earth.  When  last  inspected  by  us, 
(in  1853),  all  things  there  seemed  still  to  breathe  of  the  spirit 
that  once  gave  them  life  and  eneigy ;  and  only  the  presence 
of  some  reverend  dust  silently  announced,  that  no  profane 
hand,  forgetful  of  the  ''religio  loci;'  had  been  permitted  to 
violate  the  sanctities  of  that  magical  retreat^  or  disturb  the 
repose  of  the  "  wheels,"  and  "  drills,"  and  "  guiding-points,'* 
that  have  never  since  been  moved. 
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CnAPTER  XXVI r. 

MR.  watt's  PUKSUITS  IN  KETIRKMENT  —  8KC0ND  JOURNKV  TO  PARIS  —  PUR- 

CnASEH  OK  liAND  IN  WALKS — TIIK    SNUFF-BOX KVKNINCJS   AT  HOME  — 

8URIBVALTY  OF  8TAFFOKDSII1RK  AND  RADNORSHIRE  —  STUDY  OF  ANUI.O- 
RAXON — 1*0LIT1CAL  SENTIMENTS — ANECDOTES  OF  HIS  SON  JAMF^  — 
CHARACTERISTIC'S  OF  MR.  WATT*S  CONVERSATION  AND  FRIENDLY  COUN- 
SELS—  KEYISAL  OF  RORISON  *  ON  STEAM*  —  EDOKWORTlfs  PROPOSAL  OF 
A  TUNNEL  ACROSS  THE  MENAI  STRAIT. 

Such  were  some  of  the  mcclianical  recreations  iu  which  the 
aged  engineer  was  wont  to  employ  the  moderate  strength, 
and  the  unalterably  inventive  thoughts,  which  were  still 
granted  to  liim ;  blending  with  them,  wlien  at  home,  the 
pleasures  of  horticulture,  of  happy  social  intercourse  with  his 
neighbours,  of  most  various  study,  and  even  of  novel-reading, 
—with  him  always  a  favourite  department  of  litcnitiire ! 

About  the  middle  of  liis  life,  he  caused  to  be  engraved  on 
one  of  his  seals,  a  human  eye,  with  the  motto  "  Okseuvare  ;" 
and  to  tliat  significant  device  he  ever  remained  true.  When 
he  occasionally  visited  Ix)ndon,  he  lost  no  opportunity  of 
making  himself  practically  acquainted  with  every  new  dis- 
covery or  contrivance  of  merit,  of  wliich  any  report  had 
reached  him :  on  tlio  ingenious  wonders  so  abundantly  exlii- 
bited  in  the  shop-windows  and  warehouses  of  the  metropolis, 
he  gazed  with  all  the  delight  of  a  child ;  and  it  often  happened 
that  their  owners,  after  leading  him  into  conversation,  and 
finding  themselves  far  surpassed  in  knowledge  of  their  own 
peculiar  pursuits,  felt  as  though  they  had  "entertained  an 
"  angel  unawares."  The  orbit  of  his  movements,  in  short, 
always  bright  with  his  own  light,  was  also  marked,  long  aftt^r 
the  period  of  his  passage,  by  wliat  M.  Arago  has  so  character- 
istically termed  "  luminous  traces." 

Sometimes,  during  the  last  quarter  of  a  century  of  liis  life, 
he  gave  to  his  journeys  a  somewhat  wider  geographical 
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range.  In  1802,  when,  during  the  peace  of  Amiens,  the 
Continent  was  for  a  brief  sefison  opened  to  British  travellerSy 
he  once  more  visited  Paris ;  where  he  renewed  his  Acquaint- 
ance with  those  of  his  former  scientific  friends  whom  time, 
and  the  crimes  of  the  revolution,  had  spared.  "  We  were 
"  very  kindly  received,"  he  writes  to  Professor  Robison,*  "  by 
"  my  old  friends  at  Paris,  M.  BerthoUet,  M.  Monge,  and 
"  M.  de  la  Place,  now  become  Senators.  M.  Prony  and 
"  M.  Hassenfratz  were  also  exceedingly  attentive ;  the  former 
"  especially,  and  seems  an  exceeding  good  sort  of  a  man,  as 
"  well  as  a  very  able  mathematician.  He  appeared  to  be 
sorry  that  he  had  not  taken  more  notice  of  me  in  his  book 
on  the  steam-engine,  and  has  offered  to  publish,  in  a  suc- 
"  ceeding  volume,  anything  I  please  to  furnish  him  with  on. 
"  the  subject.  Many  others  were  very  kind.  We  passed  five 
"  weeks  there,  and,  had  the  weather  been  warmer,  I  should 
"  have  wished  to  prolong  my  stay."  *  *  To  the  great 
men  of  science  here  named,  and  the  Abb6  Haiiy,  whom  ho 
elsewhere  includes  in  the  list,  must  be  added  another, — per- 
haps the  most  interesting  of  all, — Benjamin  Delessert; — a 
name  sacred  to  the  cause  of  science,  of  art,  and  of  philanthropy. 
See  his  interesting  *  Eloge  Historique '  by  M.  Flourens,  (*  Hist 
'  de  I'Acad.  des  Sciences,'  tome  xxii.  p.  cxix.-cxliii.) ;  where  it 
is  said — "  Benjamin  Delessert  passa  k  Birmingham.  *  *  Le 
"  g6nie  de  la  m^canique  y  soumettait  k  Thomme  Tune  des 
"  forces  les  plus  puissantes  et  los  plus  terribles  de  la  nature. 
"  Benjamin  Delessert  fut  tcmoin  des  essais  de  Watt  *  * 
"  Chacun  de  ces  hommes  c61ebres,  comme  ces  Fies  bien- 
"  faisantes  qu'avait  revees  Timagination  de  nos  pferes,  dona 
'*  Benjamin  Delessert  d*un  talent  particulier.  *  *  Watt  le 
"  doua  de  Tintelligence  8up6rieure  des  arts  m^caniques."  In 
the  pursuits  of  learning  and  taste,  M.  Delessert  possessed,  as 
all  his  friends  will  long  remember,  multiplied  endowments  of 
no  less  value  than  that  which  he  thus  received  at  the  hand  of 
James  Watt.  But  it  is  still  more  worthy  of  notice,  that  his 
path  was  that  of  the  just,  and  his  death  that  of  the  righteous. 


2Gth  April,  1S03. 
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The  secret  of  bis  virtuous  life  was,  at  its  close  in  1847, 
revealed  in  these  words,  made  public  with  his  last  testament, 
— (one  full  of  charitable  forethought,  and  munificent  care  for 
his  fellow-men), — "  Aprfes  une  bonne  action,  on  eprouve  un 
••  sentiment  de  bonheur  qui  est  au-dessus  de  toute  idee :  on 
**  dort  d'un  sommeil  paisible,  et  tons  les  songes  sent  agre- 
«  ables !" 

We  cannot  resist  the  temptation  of  here  inserting  a  letter 
which,  after  his  return  home,  Mr.  Watt  received  from  another 
of  his  foreign  friends,  and  which  speaks  with  a  natural  elo- 
quence that  must  have  been  irresistible. 

"  Offenbach,  near  Francfort,  the  4  of  March,  1803. 

"  Much  honored  Worthy  Sir, — w^ould  your  Genius  have 
"  read  in  my  Soul,  the  very  moment  I  perused  the  obliging 
•*  letter  with  which  you  honored  the  old  mother  of  Sophy 
"  Stemheim,  be  sure  I  remembered  with  blessing  the  hour 
"  I  saw  in  my  little  abode  Sir  James  Watty  the  great  bene- 
**  fSEtetor  of  all  Centuries  to  come, — having  proved  tlie  power 
"  of  a  mind,  Who  surly  and  steadly  aply'd  his  faculties,  for 
**  the  improvements  of  Science  and  Art — the  more  useful,  for 
"  his  fellow  creatures — Physik  and  Mecanik — will  for  ever 
•*  bless  your  name — I  was  happy  to  behold  you  with  a  New 
"  Conviction,  tliat  the  very  great  man  is  a  very  good  man  to — 
"  I  admire  you  for  the  first,  but  bless  and  love  you  for  the 
second. — May  your  Sons  partake,  of  your  Spirit,  and  carac- 
ter,  with  wath  feelings,  should  I  have  seen  the  worthy 
mother  of  your  Childs — and  I  will  ever  regret  her  sikness-— 
and  my  old  age  who  has  deprived  me  of  the  advantage  to 
become  acquainted  to  her. — I  have  thanked  my  god,  to 
'^  shaked  the  hand,  who  has  traced  the  perfection  of  Steam 
Engine — and  I  pray  god,  to  conserve  you  Mistriss  Watt 
and  family — in  all  happiness,  far  more,  then  73  years  of 
"  mine.  When  Dear  Sir !  you  recall  Germany,  say  that  you 
**  have  there  an  old  friend  and  well-wisher  in 

"  Sophy  la  Roche." 

"  excuse  Dear  Worthy  sir !  all  the  faults,  of  the  broken 
**  Englisch,  I  was  bold  enouhg  to  write  you.     Mister  Trapp, 
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"  has  my  everlasting  thaiik  for  the  blessing  hour,  in  wich  He 
"  conducted  you  to  my  cottage. — Crod  bless  you'' ♦ 

Mr.  Watt  also  frequently  amused  himself  with  tours  of 
observation  and  enjoyment  tliroughout  England,  Scotland, 
and  Wales ;  as  well  as  with  agricultural  pursuits,  and  various 
rural  improvements,  on  some  farms  in  th6  latter  country, 
which  the  beauty  of  the  scenery,  uniting  the  softness  of  the 
south  with  some  of  the  wild  grandeur  of  the  north,  induced 
him  to  purchase.  He  began  that  species  of  investment  in 
1798,  on  a  small  scale;  and  some  of  the  parcels  of  land 
which  he  at  first  bought  were  rather  widely  scattered ;  but 
many  of  them,  with  large  additions  made  by  his  son,  now 
form  a  very  extensive  estate,  the  greater  poilion  of  which  is 
situated  in  Breconshire  and  Kadnorshii*e,  between  Rhayader 
and  Newbridge,  on  the  most  charming  part  of  the  course  of 

**  Tlie  sylvan  Wye,  th«at  wanderer  through  the  woods," 

and  of  the  Ithon,  one  of  the  most  picturesque  of  its  tri- 
butaries. 

The  simple,  but  neat  and  comfortable  farmhouse  of  Dol- 
dowlod,  (of  which  a  portion  yet  remains,  although  now  over- 
topped by  another  mansion,  of  greater  pretension,  lately 
erected  by  its  side,  and  communicating  with  the  more 
modest  cottage  of  earlier  days),  was  the  home  which  con- 
genially received  him  on  his  occasional  visits.  The  fine 
woods  which  there  richly  clothe  the  valley,  and  agreeably 
diversify  the  river  and  mountain  scenery,  were  chiefly  planted 
under  his  superintendence  and  direction ; — very  many  of  the 
trees  by  his  own  hand.  But,  if  he  thus  incurred  one  portion 
of  the  reproach  attached  by  the  historian  to  all  who  are 
addicted  "  agro  colendo,  aut  venando,  servilibus  officiis  in- 


•  This  quaint  epistle  is  given  ex- 
actly as  it  was  sent,  unaltered  in  one 
jot  or  tittle  of  its  charming  naivete. 
The  good  old  lady  who  pcnn^  it  was 
the  authoress  of  the  '  History  of  Ladv 
*  Sophia  Stemhoim,'  (translated  by  J. 
OoUyer,  2  vols.,  177G) ;  and  also  of  a 
Journal  of  Travels  in  Holland  and 
England,   ('Tagebuch    einer    Boise 


*  durch  Holland  u.  England,  vonSopliie 

*  Wittwo  von  La  Boche ; '  Ofienoach 
am  Main,  1791).  We  trust  that  God 
**  conserved"  in  all  peace  to  the  end 
of  her  days  her  honest,  ardent,  Qer- 
man  heart;  which  united  to  such 
admiration  of  intellectual  greatness, 
the  emotions  of  humble,  pious  good- 
ness. 
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"  tenti,  aetatem  agere,"  *  he  was  at  least  exempt  from  the 
other ;  for,  uuless  we  except  the  anecdote  of  his  having  in 
boyhood  practised  angling  fi'om  the  pier  behind  his  father's 
house  at  Greenock,  and  the  metaphor  by  which  he  announced 
his  first  glimpse  and  pursuit  of  the  "  parallel  motion,"  viz. 
"  I  have  started  a  new  hare,"  t  we  have  not  been  able  to  find 
even  the  remotest  trace  of  liis  having,  at  any  time  of  his  life, 
partaken  of  the  lioalthful  delights  to  be  found  in  foUo^ving 
the  sports  of  the  field.  In  all  that  concerned  the  acxjuisition 
and  beneficial  management  of  their  Welsh  property,  both 
Mr.  Watt  and  his  son  derived  very  material  aid  from  the 
enlightened  judgment  and  great  ability  of  the  late  Mr.  James 
Davies,  of  Moorcourt  in  Herefordshire ;  a  gentleman  whoso 
services  to  liis  own  and  two  neighbouring  counties  were 
sensibly  felt  and  splendidly  acknowledged  by  their  inhabit- 
ants. His  good  memory,  indeed,  can  scarcely  fail  to  descend 
to  posterity  along  with  that  of  John  Kyrle,  "the  man  of 
"  Roes,"  whose  career  of  active  usefulness,  (although  their 
tastes  were  in  some  respects  dilTerent),  he  may  be  said  to  have 
successfully  emulated.  Mr.  Davies  died  in  1856,  aged  78, 
full  of  years  and  of  rural  honours. 

In  the  happy  microcosm  in  which  the  great  inventor  thus 
lived,  "  his  mind  to  him  a  kingdom  was ;"  and  liis  peaceful 
pursuits  were  seldom  interrupted  by  any  perturbation  from 
without :  under  his  own  vine  and  his  own  fig-tree,  and,  for 
several  years  at  least,  with  children  like  olive-branches  round 
about  his  table,  there  were  none  to  make  him  afraid.  Even 
in  the  busy  manufacturing  neighbourhood  in  which  he  usually 
resided,  not  out  of  reach  of  some  distant  echoes  of  the  ham- 
mers of  Soho,  he  knew  well  that  "  true  happiness  is  of  a 
"  retired  nature,  and  an  enemy  to  pomp  and  noise ;  it 
"  arises,  in  the  first  place,  from  the  enjoyment  of  one's  self ; 
"  andy  in  the  next,  from  the  friendship  and  conversation  of  a 
**  few  select  companions :   it  loves  shade  and  solitude,  and 

naturally  haunts  groves  and  fountains,  fields  and  meadows : 


*  SaU.  13«Iluin  Ciitil.,  cap.  iv. 

t  To  Mr.  Boulion,  30Ui  Juiu-,  17W. 
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"  in  short,  it  feels  everything  that  it  wants  within  itself,  and 
'"  receives  no  €uldition  from  multitudes  of  witnesses  and  spec- 
"  tators."*  His  first  occupation  on  returning  home  from  any 
absence,  was  to  walk  round  his  garden,  followed  by  his  gar- 
dener, surveying  his  fruit-trees,  and  commenting  on  their  pro- 
gress and  produce;  admiring  their  blossoms,  or  examining 
those  fruits,  in  whose  gr€ulual  ripening  and  fall,  the  wise  caa 
trace  a  natural  image  of  their  own  maturity  and  decay.t 

If  fond  of  flowers,  it  must  also  be  confessed  that  he  was 
not  without  a  secret  relish  for  a  certain  fragrant  weed ;  and 
that,  too,  as  prepared  in  one  of  its  forms  now  perhaps  least 
fashionable :  in  other  words,  he  greatly  enjoyed  the  homely 
solace  of  an  occasional  pinch  of  snuff.  This  predilection, 
however,  was  rarely  indulged  ;  as  the  assiduous  legislation  of 
Mrs.  Watt  denounced  the  snuff-box.  Her  habit  was  to  lay 
violent  hands  on  the  offending  "mull,"  wherever  she  could 
surprise  it,  and  to  carry  it  away  to  the  safe  custody  of  her 
china-closet.  The  philosopher  submitted,  with  his  usual  pla- 
cidity ;  but  again,  in  his  own  good  time,  was  sure  to  watch 
the  dame  when  employed  amid  her  favourite  ware,  and,  while 
her  back  was  turned,  to  steal  a  pinch ;  or  even  to  recapture 
the  box,  and  bear  off  his  prize  in  triumph. 

"  Still,  as  he  ran,  he  looked  behind, — 
"  He  heard  a  voice  in  every  wind, 
"  And  snatch'd  a  fearful  joy ! " 

Short-lived,  alas!  it  must  be  acknowledged,  were  such  suc- 
cesses against  the  enemy :  for  the  name  of  James  Watt  adds 
another  to  the  long  roll  of  those  sages  who,  from  Socrates 
downwards,  reversing  the  doctrine  of  our  great  poet  and  his 
"  Tamed  Shrew,"  have  been  compelled  to  pay  to  their  wives 
the  tribute  of 

"  Love,  feir  looks,  and  true  ohediencej* } 

How  well  he  had  learned  and  practised  this  lesson,  one  other 
little  anecdote  will  serve  to  show : — let  philosophical  Benedicts 

•  Addison,  •  The  Spectator,'  No.  "  adolescentibufl  vis  anfert,  Benibas 

ir>.  "  maturitas."— Cic.  •  De  Senectute,* 

t  •*  Et  quasi  poma,  ex  arboribns,  cap.  xix. 

•*  si  cnida  sunt,  vi  aveUuntur ;  si  ma-  t  The  'Taming of  the  Shrew,'  Act 

**  tura  ft  cocta,  decidmit ;  sic  vitam  v.  Scene  ii. 
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of  the  present  day  reflect  with  complacency  on  their  own  hap- 
pier destiny,  and  profit  by  their  enjoyment  of  more  undis- 
turbed moments  I  In  his  "  evenings  at  home/'  at  a  certain 
hour,  fixed  by  Mrs.  Watty  the  door  of  the  dining-room  in 
which  she  had  all  too  lately  left  her  lord,  opened :  an  old 
servant  appeared,  and,  altogether  disregarding  the  greater 
presence  in  which  he  stood,  with  a  few  active  evolutions 
swept  out  at  once  the  fire,  the  lights,  and — his  master  I 
Adieu,  the  social  tete^-h^ete;  adieu,  the  book,  or  soothing 
reverie  of  the  night ;  adieu, — some  fainter  hearts  might  have 
said, — to  the  pursuit  of  knowledge  under  such  difficulties  I 
But  we  have  it  from  one  who  witnessed  some  of  those  untimely 
irruptions,  that,  as  the  host  slowly  rose,  he  was  wont  to  say 
with  meekness,  "  We  must  ffo;*^ — that  still  the  quiet  smile 
never  quitted  that  benignant  countenance, — the  serenity  of 
that  sweet  temper  remained  undisturbed. 

"  His  habit  was,  immediately  on  rising,  to  answer  all  letters 
"  requiring  attention ;  then,  after  breakfast,  to  proceed  into 
"  the  workshop  adjoining  his  bedroom,  attired  in  liis  woollen 
"  surtout,  his  leather  apron,  and  the  rustic  hat  which  he  had 
"  worn  some  forty  years,  and  there  go  on  with  his  [sculpture] 
"  machine."  *  So  says  a  writer  who  doubtless  borrowed  his 
information  from  a  source  that  he  thought  might  be  safely 
relied  on;  but  the  first  portion  of  this  statement  may  be 
questioned.  For,  in  opposition  to  the  received  maxims  of 
longevity,  as  well  as  to  the  doctrine  of  Dante,  who  says  that — 

"  not 

"  On  downy  plumes  reposing,  fame  is  won," 

Mr.  Watt  was  not  a  very  early  riser;  and,  on  many  days 
of  his  life,  the  letters  that  he  wrote,  would,  as  we  have 
already  mentioned,  "  alone  have  furnished  full  employment 
"  even  to  an  industrious  intellect."  "  The  mental  fatigue 
"  of  Mr.  Watt,"  says  Mrs.  SchimmelPenninck,  "  was  often 
"  so  great,  that  I  have  heard  he  required  fix)m  nine  to 
eleven  hours^  sleep  to  recruit  his  powers,  and  his  evenings 
were  uniformly  spent  in   some   light   amusing  reading," 

♦  *  Quarterly  llevicw,'  vol.  CIV.  p  450.     1858. 
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"  He  seldom  rose  very  early,"  says  liis  cousin  Mrs.  Campbell, 
"  but  accomplished  more  in  a  few  hours'  study  than  ordinary 
"  minds  do  in  many  days,"  * 

Twice,  a  summons  to  undertake  the  burdensome  honour  of 
the  Shrievalty,  (of  Staffordshire  in  1803,  and  again  of  Rad- 
norshire in  1816),  was  met  by  Mr.  Watt  with  uneasy  appre- 
hension, and  repulsed  with  all  his  energy.  At  that  time  he 
thus  almost  plaintively  stated  hLs  own  case,  with  a  view,  as  he 
says,  of  "  averting  so  serious  a  misfortune  as  serving  that  office  " 
would  have  been  to  him :  f — "  I  am  nearly  seventy  years  old ; 
"  my  health,  always  precarious,  generally  confines  me  to  the 
"  house  for  the  greatest  part  of  the  winter  and  spring.  I  never 
"  was  endowed  with  the  speedy  decision,  firmness  of  character, 
**  and  intrepidity  necessary  for  a  public  station,  and  these 
"  qualities  have  not  been  augmented  by  my  declining  year& 
"  You,  as  well  as  any  man,  know  the  anxiety  and  vexation 
"  which  I  endured  for  many  years  from  the  harassing  lawsuits 
"  in  which  we  were  unfortunately  engaged,  and  which  have 
'*  had  the  effect  of  making  me  very  unfit  for  business  of  any 

kind ;  the  powers  of  my  mind  are  worn  out,  as  well  as  those 

of  my  body.  I  have  laboured  very  hard  for  the  public  during 
"  the  greater  part  of  my  life,  and  hope  I  have  been  of  some 
"  use.  Though  I  cannot  bring  forward  to  the  public  mind  the 
"  *  labores,  sudores,  vigilias,'  yet  the  *  instrumenta  artis  nos- 
"  *  tnc '  are  in  everybody's  hands.  I  have  been  useful  to  the 
"  State  in  the  way  Nature  intended,  and  hope  I  shall  not 
"  have  a  duty  imposed  upon  me  I  am  totally  unfit  for,  nor 
"  have  my  grey  hairs  weighed  down  by  a  load  of  vexatious 
"  cares.  You  know  that  from  my  inability  to  support  the 
"  cares  of  business  I  have  retired  from  it  with  a  very  mode- 
"  rate  fortune,  in  order  to  enjoy  that  quiet  for  which  alone 
"  I  am  now  fitted,  and  which  I  pray  may  be  undisturbed. 
"  My  property  in  the  county  is  very  small, — only  a  house 
"  and  forty  acres  of  poor  land,  which  has  any  value  only  from 
"  its  vicinity  to  Birmingham. 

"  The  present  juncture  of  affairs  seems  to  require  a  Sheriff 
*'  in  the  prime  of  life,  possessed  of  activity  and  decision,  and 

*  Se<j  above,  p.  24.  f  To  Mr.  A.  Weatoa.  15th  November,  1803. 


it 


Chap.  XXVH.  DECLINES  SHRIEVALTY.  489 

"  not  a  timid  old  man.  It  is  not  my  part  to  say  who  is  equal 
'*  to  the  office  ;  but  I  am  fully  impressed  with  a  sense  of  my 
own  unfitness,  and  hope  I  have  not  deserved  so  ill  of  the 
nation  as  to  be  placed  in  a  situation  that  might  expose  my 
weakness,  or  perhaps  have  worse  consequences." 
Although  every  exertion  was  used  by  those  to  whom  Mr. 
Watt  communicated  his  wishes  on  this  occasion,  there  was  at 
first  a  great  deal  of  difficulty  in  getting  liim  excused  from 
serving  in  the  office  to  which  he  had  been  nominated,  but  to 
the  labour,  publicity,  and  responsibility  of  which  he  felt  so 
strong  a  repugnance ;  one  of  the  other  two  names  on  the  list 
being  that  of  a  gentleman  who  had  previously  served,  and 
the  other  that  of  a  baronet  who  was  a  lialf-pay  officer,  and 
pleaded  his  liability  to  be  called  into  military  service.  But 
Mr.  W.'s  scientific  friends,  Sir  Joseph  Banks  and  the  Hon. 
C.  Greville,  having  used  their  influence  witli  his  Grace  the 
Duke  of  Portland,  then  President  of  the  Council,  that  noble- 
man, in  the  most  kind  and  handsome  terms,  expressed  his 
opinion  that  Mr.  Watt's  disposition  to  preserve  that  quiet  to 
which  he  was  so  well  entitled  would  induce  the  members  of 
the  Council  to  direct  his  name  to  be  removed  from  tlie  list  of 
persons  nominated  as  sherifi*.  Ultimately  a  "  pocket-sheriif," 
t.  e,,  a  gentleman  who  was  willing  to  serve,  though  not  nomi- 
nated, was  found  by  the  Lord-Lieutenant.  An  argument  in 
support  of  Mr.  Watt's  claim  for  release,  at  that  period  more 
valid  than  any  of  those  at  first  suggested,  (although  one  that 
now-a-days  would  be  of  little  avail),  was  that  he  was  a  mem- 
ber, not  of  the  Established  Church  of  England,  but  of  the 
Presbyterian  Church  of  Scotland. 

In  1816,  the  circumstances  were  nearly  the  same ;  with 
the  additional  weight  which  his  completion  of  fourscore  years 
had  given  to  the  argument  arising  from  declining  strength ; 
and  no  difficulty  seems  then  to  have  been  found  in  granting 
the  prayer  for  exemption,  uttered  by  what  has  been  beautifuDy 
called  "  the  voice  of  age,  resistless  in  its  feebleness." 

"  My  reasons  against  serving,"  he  then  writes  to  Mr.  Robert 
Muirheid,*  "  are,  that  I  have  nearly  completed  my  81st  year, 


*  23rd  November.  1816. 
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"  have  precarious  health,  and  am  generally  confined  to  the 
"  house  all  tlie  winter  and  spring ;  that  I  have  s|)ent  a  long  life 
"  in  improving  the  arts  and  manufactures  of  the  nation ;  my 
"  inventions  at  present,  or  lately,  giving  employment  to  [the] 
"  best  part  of  a  million  of  people,  and  having  added  many 
millions  to  the  national  riches,  and  therefore  I  have  a  natu- 
ral right  to  rest  in  my  extreme  age ;  that  I  have  no  domicile 
"  in  the  country,  nor  ever  had,  and  have  not  been  in  it  more 
"  than  two  years,  and  probably  never  shall ;  that  for  these 
"  reasons  I  was  excused  serving  for  the  county  of  Stafford,  in 
"  which  I  live,  twelve  years  ago,  and  some  of  them  should 
"  weigh  more  now.  Eighty-one  is  not  a  period  of  active  life, 
"  and,  as  far  as  my  personal  qualities  are  concerned,  I  esteem 
"  myself  perfectly  unfit ;  and  the  consequences  of  serving 
"  would  probably  be  the  sending  me  a  year  or  two  sooner  to 
"  the  grave." 

His  apprehensions  that  the  powers  of  his  mind  had  been 
worn  out,  happily  remained  groundless  till  the  hour  of  his 
death.  It  has  been  recorded  of  Dr.  Samuel  Johnson,  in  a 
work  which  none  can  read  without  receiving  instruction,  and 
few  without  experiencing  delight,  that  in  the  latter  part  of 
his  life,  in  order  to  satisfy  himself  whether  his  mental  facul- 
ties were  impaired,  he  resolved  that  he  would  try  to  learn  a 
new  language.  For  that  puri)08e,  he  fixed  upon  the  Low 
Dutch,  and  continued  his  application  till  he  had  read  about 
one-half  of  Thomas  i  Kempis  in  that  unattractive  tongue ; 
and,  finding  that  there  appeared  no  abatement  of  his  power 
of  acquisition,  he  then  desisted,  satisfied  that  the  experiment 
had  been  duly  tried.*  At  a  similar  period  of  life,  and  with  a 
similar  view,  Mr.  Watt  resolved  to  prosecute  a  like  investiga- 
tion :  the  language  he  chose  was  Anglo-Saxon,  and  the  result 
was  perfectly  satisfactory  to  his  mind.  Yet  his  experiment  also 
was,  perhaps,  liable  to  the  criticism  of  Burke ;  who  said,  on 
hearing  of  Johnson's  exploit,  that  from  the  language  selected 
being  so  near  akin  to  our  own,  this  was  not  the  most  rigorous 
test  that  could  have  been  devised.  It  was  indeed  scarcely  more 
so  than  others  which  Mr.  Watt  made  every  month  or  week 

*  Sc(3  Langton's  ReminiaceuceB,  in  'BoewcUs  Life  of  Joluison/  vol.  ir. 
p.  17,  ed.  Oxford,  1826. 
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tliroughout  his  life,  even  in  the  most  advanced  portions  of  it ; 
but  it  served  the  purpose  of  convincing  him  of  what  no  one 
else  ever  doubted,  that  his  intellectual  machinery  had  been 
kept  "  well-oiled,  and  in  good  working-order." 

It  is  right  that  we  should  here  authoritatively  vindicate  the 
venerable  subject  of  our  biography  from  the  allegation, — 
which,  however,  in  these  days  of  rapid  political  conversion  it 
might  be  somewhat  unsafe  to  call  the  reproaehy — of  having 
been  what  is  termed  "  a  sad  radical."  There  never  was  a 
more  unfounded  impression  formed  of  any  man's  political 
sentiments  than  this ;  for  the  wise  engineer  was  throughout 
his  life  possessed  with  the  most  loyal  and  constitutional  prin- 
ciples ;  having  been,  in  truth,  a  plain  and  homely,  but  honest 
and  steady  Tory^  of  what  is  called,  not  without  strong  reason, 
and  by  way  of  contrast,  we  suppose,  to  some  modem  innova- 
tions, the  good  old  consistent  schooL  "  Our  principles,"  he 
says,  when  describing  the  riots  at  Birmingham  in  1791  and 
the  threats  held  out  by  the  mob,  "  which  are  well  known  as 
"  friends  to  the  established  government  and  enemies  to  repub- 
"  lican  principles,  should  have  been  our  protection  from  a  mob 
"  whose  watch-word  was  Churdh  and  King ; "  and  he  uni- 
formly expressed  his  horror  at  the  proceedings  of  the  revolu- 
tionists in  France,  as  well  as  of  the  imbridled  sovereignty  of 
the  people  in  any  country.  So  clear  and  decided,  indeed, 
were  his  convictions  on  such  matters,  that  we  should  scarcely 
have  thought  it  necessary  to  allude  to  them,  had  it  not  been 
that  a  prime  minister  of  England  was  understood  to  have 
given  utterance,  previous  to  the  close  of  Mr.  Watt's  life,  to 
the  erroneous  doctrine  already  referred  to ;  and  we  have  our- 
selves, in  the  present  day,  heard  the  same  creed  repeated  by 
a  very  able  and  usually  most  accurate  person,  who,  however, 
was  on  this  point  no  better  informed  than  the  Earl  of  Liver- 
pool had  been. 

The  truth  is,  that  botli  of  those  gentlemen,  and  any  others 
who  may  have  shared  their  opinion  on  this  subject,  led  astray 
by  the  similarity  of  name,  have  confounded  Mr.  Watt  as  a 
politician,  with  his  son  Mr.  James  Watt ;  who  certainly  was 
iu  his  youth  carried  away,  by  the  enthusia^on  then  prevalent 
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in  what  was  termed  the  cause  of  liberty,  to  sympathise  with 
the  Girondins  and  Jacobins  in  Paris,  and  even  to  take  some 
open  and  avowed  part  in  their  earlier  tumultuous  agitations. 
He  was  for  some  time,  in  company  with  Thomas  Cooper,  and 
Wordsworth  the  poet,  in  the  habit  of  associating  with  many 
of  those  men  who  afterwards  attained  a  dreadftd  celebrity; 
and,  as  Southey  has  mentioned,  was  at  that  time  the  means 
(unfortunately  for  the  world !)  of  preventing  a  duel  between 
Danton  and  Robespierre. 

"Danton  and  Robespierre,"  says  Southey,  "quarrelled  at 
one  of  the  political  clubs,  before  the  10th  of  August :  high 
words  ended  in  a  challenge :  they  met,  and  the  duel  was 
prevented  by  the  interference  of  an  Englishman,  who  went 
"  out  as  a  second  to  the  one,  and  represented  to  them  how 
"  injurious  it  would  be  to  the  cause  of  liberty  if  either  of  them 
"  sliould  fall.  ( ! )  That  Englishman  was  the  present  James 
"  Watt  of  Solio,  and  from  him  I  heard  this  remarkable  fact"* 
For  another  more  public  exhibition  of  mistaken  zeal  dis- 
played in  the  same  cause,  Mr.  James  Watt,  jun.,  and  his 
clever,  but  eccentric  friend  Cooper,  were  thus  severely  de- 
nounced in  the  British  House  of  Commons : — "  Messrs.  Cooper 
"  and  Watt,"  said  Burke,  in  the  debate  on  Mr.  Sheridan's 
motion  relative  to  the  existence  of  seditious  practices  in  this 
countrj^t  "  bad  presented  an  address,  and  carried  the  British 
"  colours  in  a  procession ;  and  on  what  occasion  ?  The  most 
"  infamous  that  ever  disgraced  the  name  of  government  A 
**  set  of  soldiers  had  been  tried  by  a  court-martial,  and  con- 
*•  demned  to  the  galleys.  These  were  fit  men  for  the  republicans 
"  of  Paris.  They  might  be  useful : — though  bad  soldiers,  they 
"  might  be  good  murderers.  They  were  released  in  contempt 
"  of  the  Assembly  then  sitting ;  brought  to  Paris,  and  paraded 
"  in  triumph  through  the  hall.  On  this  detestable  occasion, 
Mr.  Cooper  and  Mr.  Watt  carried  the  British  colours.  They 
were  locked  in  the  fraternizing  embrace.  They  received 
"  the  fraternizing  kiss.     They   went   from   the  hall  of  the 


*  See  letter  from  Southey  to  A.      *  Life  of  R.  Southey,'   by  Rev.  C.  O. 
Alison,  Ksq.,  (now  Sir  Archibald  AH-      South«'y,  vol.  vi.  p.  209. 
Bon,  Bart).  Keswick,  April  17,  1833.  f  March  4,  1793. 
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Assembly  to  the  hall  of  the  Jacobiiis,  where  they  kissed  the 
bloody  cheek  of  Marat ; — ^the  iron  cheek  of  Pluto  instead  of 
Proserpine ; — 

"  What  ardent  tran8ix)rt8  through  their  b(j8om  ran, 
"  Clasp'd  In  the  embraces  of  the  godlike  man  !  *** 

The  first  blood  of  citizens,  however,  whicli  the  young  poli- 
tical enthusiast  saw  spilt  in  the  gardens  of  the  Tuileries  and 
streets  of  Paris,  sickened  liim  of  that  "  licence  "  which  those 
wretches  meant  "when  they  cried  liberty ;"  and  he  then  en- 
deavoured to  mitigate  as  far  as  possible  that  violence  of  revo- 
lutionary rage  wliich  he  foresaw  he  must  in  future  deplore. 

Tliis  partial  change  of  sentiment  led  to  a  curious  result ; 
for  Robespierre  having  then  insinuated  in  one  of  liis  addresses 
at  the  Club  of  the  Jacobins,  that  Cooper  and  his  compatriot 
were  emissaries  of  Pitt,  Mr.  J.  AVatt,  with  the  same  fearless- 
ness with  which  he  had  previously  supported  a  cause  which 
he  imagined  to  be  just,  took  an  instant  opportunity  of  con- 
fronting that  monster  in  his  own  arena : — ^lie  indignantly 
sprang  on  the  tribune,  from  which  by  main  force  he  ejected  the 
truculent  orator,  and  in  a  brief  but  impassioned  harangue,- 
delivered  in  French,  wliicli  ho  spoke  with  perfect  fluency  and 
an  excellent  accent,  comj^letely  silem^ed  his  formidable  anta- 
gonist, carrying  with  him  the  feelings  of  the  rest  of  the  audi- 
ence, who  expressed  their  sense  of  his  honest  British  spirit,  in 
a  loud  burst  of  applause !  On  returning  home,  having  learned, 
by  sure  intelligence  from  one  deei)  in  the  secrets  of  his  dan- 
gerous foe,  that  his  life  was  no  longer  safe  for  a  day,  he  in- 
stantly quitted  Paris,  witliout  even  a  passport.  He  succeeded, 
though  with  some  difliculty,  and  occasionally  at  great  hazard, 
in  making  his  way  to  the  south,  and  never  rested  till  he 
arrived  in  Italy.  There  having  devoted  himself  to  other 
pursuits  than  politics,  and  his  revolutionary  ardour  having 
had  time  to  cool,  he  saw  good  cause  to  shudder  at  the  atroci- 
ties committed  by  those  who  so  lately  had  been  Ins  chosen 
companions. 

"  I  went  over  to  Paris," — said  tlie  late  poet  Wordsworth  to 
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us,  in  one  of  those  hours  which  his  presence  and  conyerse 
winged  witli  unfailing  delight, — "  at  the  time  of  the  revolti- 
"  tion  in  1792  or  1793,  and  so  was  pretty  hot  in  it ;  hot  I 
"  found  Mr.  J.  Watt  there  before  me,  and  quite  as  warm  in 
"  the  same  cause.  We  thus  both  began  Ufe  as  ardent  and 
"  thoughtless  radicals ;  but  we  have  both  become,  in  the 
"  course  of  our  lives,  as  all  sensible  meriy  I  thinky  have  done,  good, 
"  soberminded  Conservatives  I " 

Such,  however,  is  no  doubt  the  true  explanation  of  the 
politics  of  Mr.  Watt,  senior,  having  ever  been  mistaken.  But 
although  his  own  views  were  uniformly  such  as  we  have 
stated,  even  he,  in  judging  of  those  of  others  who  differed 
from  himself,  seems  to  have  exhibited  all  that  philosophical 
moderation  which  so  strikingly  characterised  his  habitual  sen- 
timents :  as  when  speaking  of  Professor  Bobison  he  says, — 
"  he  entertained  a  high  respect  for  the  constitution  of  his 
"  country,  and  detested  the  novel  doctrines  of  Jacobinism, 
"  which  made  him  pass  censures  too  severe  upon  several  of  the 
"  French  philosophers^  {otherwise  extremely  estimable  meriy  and 
"  to  whom  science  is  much  indebted),  unthout  duly  weighing  the 
"  circumstances  in  which  they  were  placed^* 

In  the  winter  of  1813-14,  he  complied  with  the  request  of 
his  distinguished  friend,  Sir  David  Brewster,  in  looking  over 
the  articles  '  Steam,*  and  *  Steam  Engines,*  written  by  Dr. 
Robison,  for  an  edition  of  Dr.  E.'s  collected  works ;  and  he 
then  added  to  tliem,  with  considerable  labour,  his  valuable 
and  well-known  annotations  as  to  his  own  inventions  and  im- 
provements. His  MS.  he  accompanied  by  the  following  inte- 
resting letter  to  Sir  David,  in  which  he  accurately  discrimi- 
nates between  the  apparent  meaning  of  some  rather  obscure 
expressions  that  Dr.  Robison  had  used,  and  that  which  no 
doubt  they  had  been  intended  to  bear. 

"  Heathfield,  May.  1814.* 

"  Dear  Sir, — At  your  request,  I  have  carefully  perused  my 


•  This  interesting  letter  was  printed,  *  Mechanical  Philosophy, '  published, 

as  many  of  our  reaaers  may  be  aware,  after  many  years  of  preparation,  in 

in  the  collective  edition  of  Dr.  Robi-  1822,  in  four  vols.  8vo.,  under  the 

son's  essays  on  various  subjects  of  editorship  of  Dr.,  now    Sir   David 
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"late  excellent  friend  Dr.  Robison's  articles  *  Steam'  and 
"  *  Steam-engines'  in  the  'Encyclopsedia  Britannica,'  and  have 
"  made  remarks  upon  them  in  such  places  where,  either 
**  from  the  want  of  proper  information,  or  from  too  great  a 
"  reliance  on  the  powers  of  his  extraordinary  memory,  at  a 
"  period  when  it  probably  had  been  weakened  by  a  long  state 
"  of  acute  pain,  and  by  the  remedies  to  which  he  was  obliged 
"  to  have  recourse,  he  had  been  led  into  mistakes  in  regard 
"  to  facts ;  and  also  in  some  places  where  his  deductions 
"  have  appeared  to  me  to  be  erroneous. 

"  There  had  been  but  very  little  interchange  of  letters 
"  between  us  for  some  years  previous  to  his  writing  those 
"  articles,  and  our  opportunities  of  meeting  had  been  rare  and 
"  of  short  duration,  and  not  occupied  by  philosophical  dis- 
"  cussiona  Had  I  been  apprized  of  his  design,  I  might  at 
"  least  have  prevented  the  errors  respecting  the  facts  in 
"  which  I  was  concerned ;  but,  upon  the  whole,  it  is  more 
"  surprising  to  me  that  his  recollection  should  have  served 
"  him  so  well  in  narrating  transactions  of  30  years'  standing, 
"  than  that  it  should  sometimes  have  led  him  astray.  If  I 
"  had  not  retained  some  memorandums  made  at  the  time  of, 
**  or  soon  after,  their  occurrence,  I  should  myself  have  felt 
"  great  diflBculty  in  recalling  to  mind  the  particulars  at  the 
"  period  when  I  first  perused  those  articles,  which  was  some 
"  time  after  their  publication.  I  had  about  that  period  an 
"  opportunity  of  personally  stating  to  Dr.  Robison  some  re- 
"  marks  upon  them,  of  which  he  availed  himself  to  a  small 
"  extent  in  the  Supplement  to  the  *  Encyclopaedia  Britannica,' 
"  and  probably  would  have  done  so  still  more,  had  he  been 
"  called  upon  to  remould  those  articles. 

"  I  have  endeavoured  to  throw  most  of  my  corrections  into 


Brewster.  Some  years  previous  to 
the  date  of  that  publication,  Mr.  Watt 
presented  seyeral  of  his  friends  witli 
copies  of  the  Treatises  on  *  Steam* 
and  '  Steam-engines,'  with  notes  and 
additions  by  himself;  and  reserved  his 
right  to  reprint  his  own  portions  of  that 
wc»rk,  agreeing  that  it  should  not  be 
done  for  a  period  of  three  years  after 


the  publication  of  the  'Mechanical 
*  Philosophy.'  As,  however,  that  time 
has  long  since  elapsed,  and  Robison's 
valuable  volumes  are  not  in  every 
one's  hand,  we  need  offer  no  apology 
for  now  including  Mr.  Watts  letter 
in  a  work  wliicli  would  have  been 
incomplete  without  it. 
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"  the  form  of  notes ;  but  in  some  places  I  judged  it  necessary 
''  to  alter  the  text,  which  alterations  I  have  marked  to  be 
''  printed  in  italics,  that  they  may  be  readily  distingaiBhed 
"  from  the  original.  In  a  few  places,  I  have  cancelled  part 
'^  of  the  text  without  any  substitution,  none  appearing  to  me 
"  to  be  required.  In  others,  I  have  left  part  of  the  reasoning 
"  unaltered  which  I  did  not  concur  in ;  as  in  mere  matters  of 
**  opinion,  where  no  manifest  error  was  involved,  I  did  not 
"  conceive  it  proper  to  introduce  my  own  speculations. 

"  As  the  subjects  of  steam  and  steam-engines  had  been 
"  almost  dismissed  from  my  mind  for  many  years  previous  to 
"  my  undertaking  this  revision,  I  have  called  in  the  aid  of 
"  my  friend  Mr.  John  Southern,  and  of  my  son,  whose  daily 
"  avocations  in  the  manufacture  of  steam-engines  render 
"  them  more  conversant  with  some  i)oints,  to  direct  my  atten- 
"  tion  to  them ;  and  of  the  former,  to  examine  such  of  the 
"  algebraic  formulee  as  appeared  essential, — an  office  for 
"  which  he  is  much  better  qualified  than  myself;  and  he  has 
"  accordingly  marked  those  formulae  with  his  initials. 

"  I  have  not  attempted  to  render  Dr.  Robison's  memoir  a 
complete  history  of  the  steam-engine,  nor  have  I  even  given 
a  detailed  account  of  my  own  improvements  upon  it  The 
"  former  would  have  been  an  imdertaking  beyond  my  present 
"  powers,  and  the  latter  must  much  have  exceeded  the  limits 
"  of  a  commentary  upon  my  friend's  work.  I  have,  there- 
"  fore,  confined  myself  to  correcting  such  parts  as  appeared 
^'  necessary,  and  to  adding  such  matter  as  he  had  not  an 
"  opportunity  of  knowing. 

"  Here  it  was  my  intention  to  have  closed  this  letter,  but 
"  the  representations  of  friends  whose  opinions  I  higlily 
"  value,  induce  me  to  avail  myself  of  this  opportunity  of 
"  noticing  an  error  into  which  not  only  Dr.  Robison,  but 
"  apparently  also  Dr.  Black  has  fallen,  in  relation  to  the 
"  origin  of  my  improvements  upon  the  steam-engine ;  and 
"  which,  not  having  been  publicly  controverted  by  me,  has,  I 
"  am  informed,  been  adopted  by  almost  every  subsequent 
"  writer  upon  the  subject  of  Latent  Heat. 

''  Dr.  Bobison,  in  the  article  ^  Steam-engine/  after  passing 
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"  an  encomium  upon  me,  dictated  by  the  partiality  of  flriend- 
^'  ship,  qualifies  me  as  the  'pupil  and  intimate  friend  of  Dr. 
"  *  Black ;'  a  description  which,  not  being  there  accompanied 
"  with  any  inference,  did  not  particularly  strike  me  at  the 
"  time  of  its  first  perusal.  He  afterwards,  in  the  dedication 
"  to  me  of  his  edition  of  Dr.  Black's  *  Lectures  upon  Che- 
"  *  mistry,'  goes  the  length  of  supposing  me  to  have  professed 
"  to  owe  my  improvements  upon  the  steam-engine  to  the 
"  iiistructions  and  information  I  had  received  from  that  gen- 
"  tleman,  which  certainly  was  a  misapprehension ;  as,  although 
"  I  have  always  felt  and  acknowledged  my  obligations  to 
"  him  for  the  information  I  had  received  from  his  conversa- 
"  tion,  and  particularly  for  the  knowledge  of  the  doctrine  of 
"  latent  heat,  I  never  did,  nor  could,  consider  my  improve- 
"  ments  as  originating  in  those  communications.  He  is  also 
mistaken  in  his  assertion,  (p.  8  of  the  Preface  to  the  above 
work),  that  *  I  had  attended  two  courses  of  the  Doctor's 
"  '  lectures ;'  *  for,  unfortunately  for  me,  the  necessary  avoca- 
"  tions  of  my  business  prevented  me  from  attending  his  or 
"  any  other  lectures  at  College ;  and  as  Dr.  Eobison  was 
"  himself  absent  from  Scotland  for  four  years  at  the  period 
"  referred  to,  he  must  have  been  misled  by  erroneous  infor- 
**  mation.  In  page  184  of  the  Lectures,  Dr.  Black  says,  *I 
**  *  have  the  pleasure  of  thinking  that  the  knowledge  we  have 
"  *  acquired  concerning  the  nature  of  elastic  vapour,  in  con- 
"  *  sequence  of  my  fortunate  observation  of  what  happens  in 
"  *  its  formation  and  condensation,  has  contributed  in  no  in- 
"  *  considerable  degree  to  the  public  good,  by  suggesting  to 
**  *  my  friend,  Mr.  Watt  of  Birmingham,  then  of  Glasgow, 
"  *  his  improvement  on  this  useful  engine,*  (meaning  the 
**  steam-engine,  of  which  he  is  then  speaking).  There  can 
"  be  no  doubt,  from  what  follows  in  his  description  of  the 
"  engine,  and  from  the  very  honourable  mention  which  he 
'^  has  made  of  me  in  various  parts  of  his  lectures,  that  he  did 
not  mean  to  lessen  any  merit  that  might  attach  to  me  as 
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Repeated  more  in  detail,  with  the  same  erroneous  inferencea,  in  his 
"  Note,  vol.  i.  p.  504.--(J.  W.)  " 
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"  an  inventor ;  but,  on  the  contrary,  he  always  was  disposed 
"  to  give  me  fully  as  much  praise  as  I  deserved.  And  were 
**  that  otherwise  doubtful,  it  would,  I  think,  be  evident  firom 
"  the  following  quotation  from  a  letter  of  his  to  me,  dated 
"  13th  February,  1783,  where,  speaking  of  an  intended  pnb- 
"  lication  by  a  friend  of  mine  on  subjects  connected  with  the 
"  history  of  steam,  he  says,  *  I  think  it  is  very  proper  for  you 
"  *  to  give  him  a  short  account  of  your  discoveries  and  specu- 
"  *  lations,  and  particularly  to  assert  clearly  andfuUy  your  sole 
"  *  right  to  the  honour  of  the  steam-engine,*  *  And  in  a  written 
"  testimonial  which  he  very  kindly  gave  on  the  occasion  of  a 
"  trial  at  law  against  a  piracy  of  my  invention  in  1796-7, 
"  after  giving  a  short  account  of  the  invention,  he  adds, 
"  *  Mr.  Watt  was  the  sole  inventor  of  the  capital  improvement 
"  *  and  contrivance  above-mentioned.* 

'^  Under  this  conviction  of  his  candour  and  friendship,  it  is 
"  very  painful  to  me  to  controvert  any  assertion  or  opinion  of 
my  revered  friend ;  yet  in  the  present  case  I  find  it  neces- 
sary to  say,  that  he  appears  to  me  to  have  fallen  into  an 
error ;  and  I  hope,  in  addition  to  my  assertion,  to  make  that 
appear  by  the  short  history  I  have  given  of  my  invention 
"  in  my  notes  upon  Dr.  Bobison's  essay,  as  well  as  by  the  fol- 
"  lowing  account  of  the  state  of  my  knowledge  previous  to 
"  my  receiving  any  explanation  of  the  doctrine  of  Latent 
"  Heat,  and  also  from  that  of  the  facts  which  principally 
"  guided  me  in  the  invention. 

"  It  was  known  very  long  before  my  time,  that  steam  was 
**  condensed  by  coming  into  contact  with  cold  bodies,  and 
<<  that  it  communicated  heat  to  them.  Witness  the  common 
"  still,  &c.  &c. 

"  It  was  known  by  some  experiments  of  Dr.  Cullen  and 
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*  See  a  more  full  extract  from  the 
letter  in  question  printed  at  p.  15  of 
Mr.  Watts  'Correspondence  on  his 
•  Discovery  of  the  Composition  of 
'  Water/ 1S46.  It  is  the  same  letter  in 
which  Dr.  Black,  speaking  of  Mr. 
Watt's  discoveries,  says,  **  were  you  to 
**  be  the  first  publisher  of  them  your- 
'*  seli^  you  would  do  it  in  such  a  cold 
'*  and  modest  manner,  that  blockheads 


u 
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would  conclude  there  was  nothing 
in  it,  and  rogues  would  afterwards, 
by  making  trifling  variatioDfl,  vamp 
off  the  greater  part  of  it  as  their 
**  own,  ana  assume  the  whole  merit 
**  to  themselves.*'  Those  prophetic 
sayings  were,  singularly  enough,  al- 
most immediately  foUowed  by  what 
Robison  calls  the  **  traoa»$eris**  of 
Cavendish  and  Blagden. 
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*^  others,  that  water  and  other  liquids  boiled  in  vacuo  at  very 

"  low  heats : — ^water  [at]  below  100°. 

^  It  was  known  to  some  philosophers,  that  the  capacity,  or 
equilibrium  of  heat,  as  we  then  called  it,  was  much  smaller 
in  mercury  and  tin  than  in  water. 
*'  It  was  also  known,  that  evaporation  caused  the  cooling 

"of  the  evaporating   liquid,  and  [of]   bodies   in  contact 

"with  it 
**  I  had  myself  made  experiments  to  determine  the  foUow- 

"  ing  fects : — 

"  Ist.  The  capacities  for  heat  of  iron,  copper,  and  some 

**  sorts  of  wood,  comparatively  with  water.     Similar  experi- 

"  ments  had  also  subsequently  been  made  by  Dr.  Irvine  on 

^^  these  and  other  metals. 

"  2nd.  The  bulk  of  steam,  as  compared  with  that  of  water. 
"  3rd.  The  quantity  of  water  which  could  be  evaporated  in 

"  a  certain  boiler  by  a  pound  of  coals. 

"  4th.  The  elasticities  of  steam  at  various  temperatures 

**  greater  than  that  of  boiling  water,  and  an  approximation  to 

**  the  law  which  it  followed  at  other  temperatures. 

"  5th.  How  much  water,  in  the  form  of  steam,  was  re- 

"  quired  every  stroke  by  a  small  Newcomen's  engine,  with  a 

<<  wooden  cylinder  6  inches  diameter,  and  12  inches  long  in 

"  the  stroke. 

"  6th.  I  had  measured  the  quantity  of  cold  water  required 

"  in  every  stroke  to  condense  the  steam  in  that  cylinder,  so 

"  as  to  give  it  a  working  power  of  about  7  lbs.  on  the  inch. 
"  Here  I  was  at  a  loss  to  understand  how  so  much  cold 

*^  water  could  be  heated  so  much  by  so  small  a  quantity  in 

•'  the  form  of  st^am,  and  [I]  applied  to  Dr.  Black,  as  is  re- 

'^  lated  in  the  short  history,  p.  116,  note;  and  then  first 

"  understood  what  was  called  Latent  Heat. 

"  But  this  theory,  though  useful  in  determining  the  quan- 
tity of  injection  necessary  where  the  quantity  of  water  eva- 
porated by  the  boiler,  and  used  by  the  cylinder,  was  known, 
and  in  determining,  by  the  quantity  and  heat  of  the  hot 
water  emitted  by  Newcomen's  engines,  the  quantity  of 
steam  required  to  work  them,  did  not  lead  to  the  improve- 

2  K  2  / 
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"  ments  I  afterwards  made  in  the  engine.  These  improve- 
"  ments  proceeded  upon  the  old-established  fact,  that  steam 
was  condensed  by  the  contact  of  cold  bodies,  and  the  later 
known  one,  that  water  boiled  in  vacito  at  heats  below  100°, 
and,  consequently,  that  a  vacuum  could  not  be  obtained 
unless  the  cylinder  and  its  contents  were  cooled,  [at]  every 
"  stroke,  to  below  that  heat. 

"  These,  and  the  degree  of  knowledge  I  possessed  of  the 
"  elasticities  of  steam  at  various  heats,  were  the  principal 
"  things  it  was  iiecessary  for  me  to  consider  in  contriving  the 
**  new  engine.  They  pointed  out  that,  to  avoid  useless  con- 
"  densation,  the  vessel  in  which  the  steam  acted  upon  the 
"  piston  ought  always  to  be  as  hot  as  the  steam  itself: — ^that 
"  to  obtain  a  proper  degree  of  exhaustion,  the  steam  must  be 
"  condensed  in  a  separate  vessel,  which  might  be  cooled  to 
"  as  low  a  degree  as  was  necessary,  without  affecting  the 
"  cylinder ;  and  that,  as  the  air  and  condensed  water  could 
"  not  be  blown  out  by  the  steam,  as  in  Newcomen's,  they 
•*  must  be  extracted  by  a  pump,  or  some  other  contrivance : — 
"  that,  in  order  to  prevent  the  necessity  of  using  water  to 
^  keep  the  piston  air-tight,  and  also  to  prevent  the  air  fix)m 
**  cooling  the  cylinder  during  the  descent  of  the  piston,  it  was 
"  necessary  to  employ  steam,  to  act  upon  the  piston,  in  place 
"  of  the  atmosphere.  Lastly,  to  prevent  the  cylinder  from 
"  being  cooled  by  the  external  air,  it  was  proper  to  enclose 
it  in  a  case  containing  steam,  and  again  to  enclose  that  in 
a  case  of  wood,  or  of  some  other  substance  which  trans- 
"  mitted  heat  slowly. 

"  Although  Dr.  Black's  theory  of  latent  heat  did  not 
"  suggest  my  improvements  on  the  steam-engine,  yet  the 
"  knowledge,  upon  various  subjects,  which  he  was  pleased  to 
"  communicate  to  me,  and  the  correct  modes  of  reasoning 
"  and  of  making  experiments,  of  which  he  set  me  the  ex- 
"  ample,  certainly  conduced  very  much  to  fSetcilitate  the 
**  progress  of  my  inventions ;  and  I  still  remember,  with 
"  respect  and  gratitude,  the  notice  he  was  pleased  to  take  of 
"  me  when  I  very  little  merited  it,  and  which  continued 
^  throughout  his  life. 
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"  To  Dr.  Bobison  I  am  also  bound  to  acknowledge  my 
"  obligations  for  very  much  information  and  occasional  assist- 
ance in  my  pursuits,  and,  above  aU,  for  his  friendship, 
which  ended  only  with  his  life ;  a  friendship  which  induced 
"  him,  when  I  was  beset  with  an  host  of  foes,  to  come  to 
London  in  the  depth  of  winter,  and  appear  as  a  witness  for 
**  me  in  a  court  of  justice,  whilst  labouring  under  an  exces- 
sively painful  disorder,  which  ultimately  deprived  him  of 
life.     To  the  remembrance  of  that  friendship  is  principally 
owing  my  taking  upon  myself  the  office  of  his  commentator 
at  my  advanced  age. 

May  I  request.  Sir,  that  you  and  the  public  will  permit 
that  age  to  be  my  excuse  for  any  errors  I  may  have  com- 
"  mitted,  and  for  any  deficiencies  in  the  performance  of  an 
"  office  which  at  no  period  would  have  been  congenial  to  my 
"  habits ;  and  allow  me  to  remain,  with  esteem, 

"  Dear  Sir,  your  most  obedient  humble  servant,  James 
u  Watt." 

That  the  intellectual  pleasure  derived  from  the  society  and 
conversation  of  Mr.  Watt  was  of  the  very  highest  order,  the 
united  testimony  of  his  most  intimate  friends  and  associates 
Bufficiently  proves.  "  It  was  no  wonder,"  as  Robison  observed 
of  an  earlier  stage  of  his  life,  "  that  the  attachment  to  Mr. 
"  Watt  was  strong,  when  persons  of  every  teiste  and  every 
pursuit  found  in  him  an  inexhaustible  fiind  of  instruction 
and  entertainment."  Men  of  all  ranks  shared  freely  in  the 
benefits  of  his  counsels,  as  well  as  in  the  enjoyment  of  his 
cheerftil  cordiality ;  and  alike  to  the  humble  artisan  as  to  the 
aristocrat  of  rank  and  talent,  the  winged  hours  fiew  fast  in 
listening  to  his  words  of  wisdom,  delivered  in  the  guise  of 
easy,  social,  unassuming  converse.  "I  experienced  much 
"  pleasure,"  says  St.  Fond,  "  in  visiting  Mr.  Watt,  whose 
"  extensive  knowledge  in  chemistry  and  the  arts  rendered 
"  his  conversation  very  interesting.  His  moral  qualities,  and 
"  the  engaging  manner  in  which  he  expressed  his  thoughts, 
daily  increased  my  respect  for  him.  *  *  Mr.  Watt  is  a 
man  of  great  conceptions.     Nature  has  endowed  him  with  a 
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^'  very  yigorons  mind,  and  to  his  other  excellent  qualities  he 
"joins  the  mildest  and  most  prepossessing  manners,  which 
"  interest  even  at  first  sight'** 

To  the  very  close  of  his  life,  this  light  of  his  burned  steadily 
and  brightly ; — he  was  constantly  applied  to  by  those, — (and 
their  name  was  legion), — who  either  had  invented,  or 
imagined  that  they  had  invented,  mechanical  contrivances  of 
any  novelty  or  utility ;  and  who  naturally  wished  either  to 
obtain  the  criticism  of  so  experienced  a  judge,  or  to  bespeak 
his  favour  and  encouragement.  With  the  greatest  candour 
and  most  condescending  kindness  he  took  pains  to  caution 
such  persons  against  their  over-sanguine  expectations,  and 
also  to  explain  to  them  some  fundamental  principles  in 
mechanics,  which  they  too  often  had  overlooked ;  but  which 
lay,  perhaps,  at  the  very  threshold  of  their  inquiries,  and,  if 
duly  considered,  might,  by  stopping  their  further  prepress  in 
a  particular  direction,  prevent  much  subsequent  vexation  and 
loss  of  both  time  and  money. 

Thus,  to  Mr.  W.  Mitchell,  in  1800 :— "I  am  favoured  with 
"  your  letter  of  the  5th,  and  am  obliged  to  you  for  the  inti- 
"  mations  it  contains,  none  of  which,  however,  are  new  to  me, 
"  or  useftd  in  their  present  form.  To  give  my  reasons  would 
"  make  a  longer  letter  than  I  have  time  or  health  for  at 
*'  present.  Rotative  motions,  on  the  principles  of  the  first 
"  and  second  you  describe,  have  been  tried  and  abandoned 
"  many  years  ago.  The  third  (the  spiral)  is  not  practicable 
"  as  you  have  drawn  it,  and  would  be  attended  with  consider- 
''  able  disadvantages  in  any  way ;  (it  can  only  make  half  a 
"  revolution  for  each  stroke  of  the  engine).  A  more  perfect 
**  application  of  that  principle  is  contained  in  the  specification 
"  of  my  patent  in  the  year  1781.  In  respect  of  the  fourth 
"  invention,  we  use  no  racks  or  toothed  sectors  now ;  they 
"  are  bad  things :  the  method  we  use  is  much  preferable, 
**  (which  you  may  see  at  any  of  our  engines).  In  general, 
**  no  rotative  motion  will  answer  well  that  requires  the  piston 
"  to  move  with  equal  velocity  in  every  part  of  the  stroke. 
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**  and  a  common  crank  is  nearly  the  best  which  has  been  yet 
"  contrived,  or,  perhaps,  may  ever  be.  I  do  not  by  what  I 
"  have  said  mean  to  discourage  you  from  paying  particular 
"  attention  to  the  subject ;  your  ideas  are  ingenious,  and  by 
"  further  experience  you  may  think  upon  better  things.  I 
**  thank  you  for  your  attention  to  me,  and  the  deference  you 
"  express  to  my  opinion,  and  think  it  my  duty  to  set  you 
^  right  in  a  matter  which  might  lead  you  into  fruitless  and 
**  expensive  experiments." 

Such  was  the  sort  of  counsel,  at  once  kind  and  judicious, 
that  Mr.  Watt  was  in  the  habit  of  giving  when  consulted  by 
those  who  aspired  to  success  in  his  own  favourite  field  of 
mechanical  invention.  To  many,  his  experience  and  sagacity 
were  thus  the  means  of  saving  much  waste  of  time,  the  disap- 
pointment of  their  hopes,  and  even  the  misery  and  ruin  which 
too  often  attend  the  failure  of  ingenious  but  unprofitable  pro- 
jects. In  this  respect,  emphatically,  "the  alert,  kind,  bene- 
"  volent  old  man,"  as  Sir  Walter  Scott  has  so  well  said  of  him, 
**  had  his  attention  alive  to  every  one's  question,  his  informa- 
"  tion  at  every  one's  command." 

So  4lso,  to  the  Eev.  W.  J.  Bees,  in  1810,  in  answer  to  an 
announcement  of  "  a  machine,  or  rather  engine,  lately  dis- 
covered by  a  friend,  an  ingenious  clergyman  of  this  county, 
that  gives  motion  to  itself,  and  can  communicate  motion 
with  immense  power  to  any  machinery  to  which  it  may  be 
applied;  or  which  may  be  described  as  an  engine  gene- 
rating perpetual  motion,  with  as  great  a  quantity  of  power 
''  as  to  supersede  the  necessity  of  all  other  expedients ; "  (!) 
he  writes, — "  I  am  favoured  with  your  letter  of  the  15th 
**  instant.  I  have  several  years  ago  entirely  withdrawn 
from  business,  and  am  now  a  very  old  man,  so  that  I  can 
be  of  no  use  to  your  friend  as  an  associate  or  patron.  *  * 
"I  hope  yourself  and  your  friend  will  excuse  my  incre- 
"  dulity,  but  I  have  very  long  been  satisfied  that  there  can 
"  be  no  such  thing  on  earth  as  a  perpetual  motion,  generated 
"  in  the  machine  itself,  without  the  expenditure  of  some 
"  external  power  or  cause  of  motion.  All  the  known  elements 
"  have,  as  I  believe,  been  already  applied  to  machinery,  and 
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"  you  do  not  infer  that  your  friend  has  discovered  any  new 
"  one.  It  is  possible  that  he  may  be  deceiving  himself^  and 
"  I  would  therefore  recommend  to  him,  before  he  proceeds 
further,  to  make  a  working  model  of  his  machine,  on  as 
large  a  scale  as  he  can,  and  from  it  to  calculate  the  power 
"  and  the  probable  expense  of  exciting  it,  and  not  to  take  any 
*'  other  steps  in  the  business  until  he  is  satisfied  he  is  in  no 
"  mistake.     *    * 

"I  should  have  very  great  reluctance  to  be  made  the 
"  depositary  of  the  secret  of  any  invention  which  is  not 
"  secured  by  patent.  Should  the  invention  not  meet  my 
"  approbation,  it  would  lay  me  under  the  disagreeable  neces- 
"  sity  of  speaking  my  sentiments  upon  it,  which  might  be 
"  construed  as  dictated  by  interested  motives ;  or,  if  the  secret 
"  got  abroad  by  other  means,  I  might  be  blamed  for  it  Yet> 
on  the  other  hand,  the  inventor  might  be  benefited  by  my 
advice,  the  fruit  of  fifty  years'  experience  in  mechanics. 
**  On  the  whole,  I  wish  to  decline  the  confidence ;  but  if  I  can 
"  give  any  useful  advice,  >vithout  a  full  confidence,  I  shall  be 
"  glad  to  bo  of  use  to  any  ingenious  man.  If  your  friend 
"  will  answer  me  by  letter  the  following  questions,  it  may 
"  save  him  the  coming  here,  should  he,  after  what  I  have 
**  said,  think  that  proper.  Is  there  no  expenditure  of  any 
"  power  or  agent  extraneous  to  the  macliine  itself?  and,  if 
so,  what  may  be  the  expense  in  money  to  enable  the 
machine  to  raise  30,000  cubic  feet  of  water  1  foot  high  ? 
"  Is  that  extraneous  agent  any  of  the  known  powers  or 
"  elements  which  have  been  employed  to  raise  water,  or  give 
"  motion  to  macliines,  such  as  fire,  water,  steam,  air,  or  animal 
"  force  ?  Is  the  macliine  itself  complicated  or  expensive?  I 
"  feel  myself  very  much  obliged  by  the  confidence  which  you 
"  have  been  pleased  to  repose  in  me,  and  shall  endeavour 
"  always  to  merit  your  good  opinion." 

To  the  extravagant  vagaries  which  occasionally  were  sug- 
gested to  him  by  such  projectors,  there  really  were  no  limits ; 
as  when  one  author,  in  forwarding  to  him  what  he  calls  his 
"  book  on  philosophy,"  observed : — "  If  the  popular  or  New- 
**  tonian  •  system  of  causes  of   mundane    phenomena    and 
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'^  motions  are  facts,  and  things  are  actuated  by  them  as 
**  principles,  I  really  am  not  constituted  to  hear,  see,  feel,  or 
"  comprehend  like  other  persons."  A  conclusion  of  the 
learned  writer,  the  justice  of  which,  (although  not  exactly  in 
the  sense  in  which  he  intended  it),  probably  none  of  our 
readers  will  be  disposed  to  deny ! 

Of  another  project  that  was  submitted  to  him  about  the 
same  time  as  the  clerical  engine  generating  perpetual  motion, 
which  was  to  supersede  all  other  expedients,  we  must  speak 
with  far  greater  respect.  This  was  JVIr.  R.  L.  Edgeworth's 
idea  of  making  a  cast-iron  tunnel  across  the  Menai  Strait, 
instead  of  the  plan  Mr.  Eennie  had  then  proposed  of  a  bridge. 
"  Our  old  jfriend,"  [Mr.  Edgeworth],  says  Mr.  Keir  in  Decem- 
ber, 1810,  referring  to  this  subject,  "rides  his  hobby-horse 
"  (Mechanics,  &c.)  with  the  same  spirit  that  he  did  forty 
**  years  aga"  "  My  scheme  is,"  says  Mr.  Edgeworth,*  "  to 
join  the  parts  of  my  fourteen-feet  cast-iron  cylinders  in  one 
curve,  in  a  dry  dock  opening  into  the  Menai;  when  the 
joints  were  sufficiently  secured,  the  whole — let  the  length 
**  be  what  it  might — would  float  when  both  its  mouths  were 
above  water.  When  properly  ballasted,  I  would  open  the 
flood-gates  of  the  dock,  tow  the  tunnel  into  the  river  near 
"  the  junction  of  the  opposing  tides,  and  sink  it  upon  a  bed, 
"  previously  constructed,  by  large  stones  thrown  into  the 
"  water,  so  as  to  form  two  walls  16  feet  asunder,  filled  with 
"  sand  thrown  between  them,  and  supported  by  a  talus  of 
large  stones  extending  to  a  considerable  distance  on  each 
side  of  the  walls.  I  do  not  suppose  that  these  walls  would, 
at  an  average,  exceed  5  feet  high.  Secondly ; — There  is 
"  sufficient  depth  for  vessels  to  pass  over  such  a  tunnel 
**  during  neap-tides.  Lastly ; — ^I  do  not  believe  that  rocks  or 
"  large  stones  are  driven  by  the  jimction  of  the  tides.  K 
"  they  are,  it  is  a  serious  objection,  and  most  certainly  I  would 
**  not  propose  anything  till  I  was  master  of  this  part  of  the 
**  subject.  As  to  the  expense,  I  suppose  that  it  is  not  difficult 
"  to  make  a  tolerable  estimate.     The  tunnel  would  cost,  at 
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«  301.  per  foot,  runninff,  for  1000  feet,  only  30,000f.  Say 
"  50,000/. : — ^it  would  bear  but  a  small  proportion  to  the 
"  expense  of  a  bridge,  which  is  stated  at  250,000i.  No 
**  scaflTolding  or  centres  will  be  wanting ;  and  if  it  were 
**  determined  that  rocks  are  not  carried  by  tides  or  stonns 
**  through  the  channel,  and  if,  as  appears  by  Mr.  Bennie's 
*'  report,  there  is  still-water,  at  times,  where  the  east  and  west 
'^  tides  meet,  T  do  not  see  any  great  difficulty  that  could 
prevent  this  vast  buoyant  mass  from  floating  gently  to  the 
place  of  its  destination,  nor  in  its  being  gradually  sunk 
"  upon  its  bed  in  security.  The  length  of  the  machine  will 
'^  [not]  exceed  three  times  the  length  of  [a  first-rate]  man-of- 
"  war.     Your  very  sincere  and  very  old  friend,  Richard 

"  LOVELL  EdOEWOBTH.*' 

**  I  admire  your  scheme,"  replied  Mr.  Watt,  "  of  putting 
the  tunnel  together  in  a  dry  dock,  and  floating  it  into  its 
"  place ;  but  would  not  the  construction  of  such  a  dock  prove 
very  expensive?  and  would  not  there  be  great  risk  of 
breaking  some  of  the  joints  or  pipes  in  floating  it  out>  or  in 
**  laying  it  upon  its  bed  of  sand  ?  which  latter  would  be  with 
difficulty  made  of  the  same  form  as  the  tunneL 

I  believe  no  pipe  or  cylinder  of  14  feet  diameter  has  ever 
been  cast  of  any  considerable  length,  such  as  9  feet,  nor 
have  I  heard  of  any,  even  of  3  feet  long,  beyond  8  feet 
diameter.  They  must  therefore,  as  I  apprehend,  be  made 
"  in  panels,  6  or  8  in  the  circumference,  which  infers  many 
"  joints,  flanches,  and  screws,  besides  fitting,  which  is  very 
"  expensive.  Should  any  part  or  joint  fail  after  it  is  under 
"  water,  repairs  seem  to  me  nearly  impracticable,  except  by 
"  fishing  up  the  whole.  Cast-iron  is  not  perfectly  impervious 
to  water  when  under  considerable  pressure.  B.,  W.,  and 
Co.  lined  a  coal-pit  20  fathoms  deep  with  cast-iron  cylin- 
**  ders,  1^  inch  thick,  in  panels,  I  believe,  and  the  water  in 
"  many  places  sprang  through  the  iron  where  it  was 
**  apparently  solid.  Sea-water  acts  upon  cast-iron  without 
^  dissolving  it,  so  as  to  change  its  nature,  and  to  make  it 
**  more  resembling  a  brittle  stone  than  iron.  Bullets  fiahed 
^'  up  out  of  the  Spanish  Armada  ship,  (sunk  at  the  island  of 
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^  Mull),  at  the  beginning  of  the  last  century,  were  so  soft  as 
"  to  be  cut  with  a  knife ;  and  I  have  seen  pumps  at  Wheal 
Virgin  mine,  in  Cornwall,  that  by  the  vitriolic  water  had, 
in  six  years,  been  reduced  to  that  state.  In  fresh  water  it 
lasts  long. 

"  The  expense  of  such  a  tunnel  I  cannot  compute,  though 
**  I  believe  there  are  ingenious  founders  in  England  who 
**  could,  so  far  as  the  castings  were  concerned ;  but  that,  I 
**  should  fear,  would  be  the  least  part  of  it. 

**  The  tunnel  should  be  laid  so  low,  that  vessels,  such  as 
**  firequent  that  Strait,  could  pass  over  it  at  low  water,  or  at 
**  least  at  any  time  of  the  tide  that  would  serve  them  to  come 
^*  to  it,  otherwise  some  unlucky  vessel  might  make  a  hole  in 
**  it.  I  could  not  hope  that  the  tunnel  could  be  made  so 
"  tight  but  that  it  would  take  in  some  water ;  therefore  pipes 
**  should  be  laid  within  it,  and  an  engine  prepared  to  take  out 
**  that  water  as  it  came  in.  There  are  other  objections,  some 
**  of  which  must  have  occurred  to  you,  and  I  would  trust  to 
your  ingenuity  being  able  to  obviate  them.  On  the  whole, 
my  opinion  remains  unchanged,  that  if  such  a  work  is  not 
"  impracticable,  it  would  be  extremely  hazardous,  and  what 
"  I  could  not  wish  any  friend  of  mine  to  engage  in. 

**I  trust  in  your  candour  to  pardon  the  freedom  with  which 
**  I  criticise  the  scheme.  I  should  consider  myself  unpardon- 
able, holding  the  opinions  I  do,  if  I  disguised  them  to  you. 
Should  you  think  them  not  valid,  you  must  place  them  to 
"  the  caution  of  age  and  my  regard  for  you.  I  can  have  no 
"  other  interest  in  dissuading  you  from  it." 

These  objections,  his  friend  admitted,  were  "  very  solid ;" 
and,  although  he  exercised  his  ingenuity  in  meeting  them  as 
far  as  he  was  able,  he  expressed  himself  truly  thankful  for  the 
trouble  which  Mr.  Watt  had  taken  in  detailing  his  opinion. 
He  was  able  to  add  the  pleasant  intelligence,  that  although 
he  had  been  an  inventor  all  his  life,  he  had  never  injured  his 
fortune,  nor,  so  far  as  he  could  tell,  hurt  his  reputation  by  any 
scheme,  either  of  a  public  or  of  a  private  nature.  "Our 
"  excellent  friend,  Dr.  Small,"  he  says,  '*  early  convinced  me 
^'  that  I  might  easily  lessen  my  happiness  by  risking  any 
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"  material  part  of  my  income,  and  that  T  could  not,  by 
"  increasing  it  sevenfold,  add  anything  to  my  real  enjoy- 
"  ment." 

In  the  days  of  the  magnificent  "Britannia  Bridge,"  the 
description,  contained  in  these  letters,  of  Mr.  Edgeworth's 
ingenious  project,  will  be  perused  with  interest.  But  the  idea 
can  be  viewed  as,  at  most,  only  a  very  remote  step  towards 
the  gigantic  undertaking  so  admirably  carried  out  by  Ste- 
phenson ;  to  whom,  in  all  probability,  Mr.  Edgeworth's  sug- 
gestion was  quite  unknown. 

The  construction  of  the  Menai  Bridge,  which  forms  so  con- 
spicuous and  beautiful  a  monument  to  the  intrepid  genius 
and  industry  of  Telford,  was  commenced  in  1818 ;  and  on  the 
30th  of  January,  1826,  the  bridge  was  formally  opened  to  the 
public.  Its  length  is  1710  feet,  or  nearly  one-third  of  a  mile ; 
and  the  total  weight  of  iron-work  employed  in  it  is  above 
2186  tons.* 


♦  See  the  'Life  of  Telford.'  pp.  220-229. 
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ICE.  WATT  IN  OLD  AGE  —  ms  PORTRAITURE  BY  BIR  WALTER  SCOTT  — 
MADAME  BUMFORD  —  THOMAS  CAMPBELL  —  LOSS  OF  FRIENDS  BT  THEIR 
PREDECEASE  —  BOBISON,  BLACK,  WITHERING,  DARWIN  —  PARTICULARS 
OF  THE  DEATH  OF  DR.  BLACK  —  GREGORY  WATT  —  R0BI80N,  BEDD0E8, 
BOULTON,  PATRICK  WILSON,  DE  LUC  —  MR.  WATT's  OWN  LAST  ILLNESS  — 
AND  DEATH  —  OFFER  OF  A  BARONETCY  —  MONUMENTS  TO  HIS  MEMORY  — 
WESTMINSTER  ABBEY  —  HANDSWORTH  CHURCH — GLASGOW — GREENOCK — 
LORD  JEFFREY'S  CHARACTER  OF  HIM  —  PORTRAITS,  STATUES,  AND  BUSTS. 

The  wonderfiil  memory  of  Mr.  Watt,  at  once  comprehensive 
and  tenacious ; — his  judgment^  as  clear  as  it  was  soimd ; — 
and  the  charms  of  his  conversation,  which  captivated  all 
listeners  with  its  "  Divine  philosophy," — seem  never  to  have 
£Edled  on  this  side  of  the  grave : — a  blessing  seldom  accorded 
to  men  of  his  advanced  age,  and  not  more  rare  than  enviable. 
K  his  life  opened  amid  clouds  and  storms,  it  was  destined  to 
close  in  sunlight  and  calm;  in  his  peaceful  retirement  he 
had  found  a  refuge,  whence  he  could  bid  farewell  alike  to  the 
illusions  of  Hope  and  the  uncertainties  of  Fortune.  He  had 
gained  for  himself  a  most  honourable  place  and  name  among 
the  greatest  and  worthiest  of  mankind ;  he  had  "  permanently 
"  elevated  the  strength  and  wealth  of  this  great  empire ;  and 
during  the  last  long  war,  his  inventions  and  their  appli- 
cation were  among  the  great  means  which  enabled  Britain 
"  to  display  power  and  resources  so  infinitely  above  what 
"  might  have  been  expected  from  the  numerical  strength  of 
"  her  population."  *  Thus,  in  happy  quiet,  he  reaped  his 
large  harvest  of  "  laurels  never  sere."  Men  beheld  with 
veneration  approaching  to  awe,  and  admiration  blended  with 
love,  the  fine  old  hero  of  invention,  and  giant  in  intellect,  as 
he  awaited  that  hour  which  was  to  raise  him  above  all  imper- 


ii 


*  Sir  Humphry  Davy,  when  President  of  the  Boyal  Society ;  speech  at 
the  meeting  at  Freemasons*  Hall,  1S24. 
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fection,  and  release  him  from  all  sorrow ; — even  in  this  life 
dwelling,  as  it  were, 

"  inspher^d 

*'  In  regions  mild  of  calm  and  serene  air, 
'*  Above  the  smoke  and  stir  of  this  dim  spot 
"  Which  men  call  Earth."  * 

"  His  friends,"  says  Lord  Jeffirey,  speaking  of  a  visit  which 
Mr.  Watt  paid  to  Scotland,  when  upwards  of  eighty,  "  in  that 
"  part  of  the  country,  never  saw  him  more  full  of  intellectual 
"  vigour  and  colloquial  animation,  never  more  delightful  or 
"  more  instructive."  f  It  was  then,  also,  that  Sir  Walter 
Scott,  meeting  him  '^  surrounded  by  a  little  band  of  Northern 
"  literati,"  saw  and  heard, — what  he  felt  he  was  never  to  see 
or  hear  again, — "the  alert,  kind,  benevolent  old  man,  his 
"  talents  and  fancy  overflowing  on  every  subject,  with  his 
"  attention  alive  to  every  one's  question,  his  information  at 
"  every  one's  command." 

Here  is  the  rest  of  that  description,  known,  in  all  its  gay 
and  charming  exuberance,  wherever  the  name  of  Scott  is 
hallowed : — "  There  were  assembled  about  half  a  score  of  our 
"  Northern  Lights.  *  *  Amidst  this  company  stood  Mr. 
"  Watt,  the  man  whose  genius  discovered  the  means  of  multi- 
"  plying  our  national  resources  to  a  degree  perhaps  even 
"  beyond  his  ovm  stupendous  powers  of  calculation  and  com- 
"  binatiou ;  bringing  the  treasures  of  the  abyss  to  the  summit 
"  of  the  earth — giving  the  feeble  arm  of  man  the  momentum 
"  of  an  Afrite — commanding  manufactures  to  arise,  as  the  rod 
"  of  the  prophet  produced  water  in  the  desert — ^affording  the 
"  means  of  dispensing  with  that  time  and  tide  which  wait  for 
"  no  man — and  of  sailing  without  that  wind  which  defied  the 
"  commands  and  threats  of  Xerxes  himsel£  This  potent 
"  commander  of  the  elements — ^this  abridger  of  time  and 
"  space — ^this  magician,  whose  cloudy  machinery  has  pro- 
"  duced  a  change  on  the  world,  the  eflTects  of  which,  extra- 
ordinary as  they  are,  are,  perhaps,  only  now  beginning  to 
be  felt — was  not  only  the  most  profound  man  of  science — 


if 
it 


•  Milton's  *  Comus,'  1.  S.  f  Character  of  Watt;  see  p.  529.  In/Wk. 
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*^  the  most  successful  combiner  of  powers,  and  calculator  of 
*^  numbers,  as  adapted  to  practical  purposes — was  not  only 
"  one  of  the  most  generally  well-informed,  but  one  of  the  best 
^  and  kindest  of  human  beings. 

"  There  he  stood,  surrounded  by  the  little  band  I  have 
^  mentioned  of  Northern  literati,  men  not  less  tenacious, 
generally  speaking,  of  their  own  fame  and  their  own 
opinions,  than  the  national  regiments  are  supposed  to  be 
**  jealous  of  the  high  character  which  they  have  won  upon 
service.  Methinks  I  yet  see  and  hear  what  I  shall  never 
see  or  hear  again.  In  his  eighty-second  year,*  the  alert, 
**  kind,  benevolent  old  man,  had  his  attention  alive  to  every 
**  one's  question,  his  information  at  every  one's  command. 

**  His  talents  and  fancy  overflowed  on  every  subject.  One 
**  gentleman  was  a  deep  philologist, — ^he  talked  with  him  on 
**  the  origin  of  the  alphabet  as  if  he  had  been  coeval  with 
"  Cadmus ;  another  a  celebrated  critic, — ^you  would  have  said 
**  the  old  man  had  studied  political  economy  and  belles-lettres 
**  all  his  life ; — of  science  it  is  unnecessary  to  speak,  it  was 
"  his  own  distinguished  walk.  And  yet.  Captain  Clutterbuck, 
**  when  he  spoke  with  your  countryman,  Jedediah  Cleish- 
**  botham,  you  would  have  sworn  he  had  been  coeval  with 
**  Claver'se  and  Burley,  with  the  persecutors  and  persecuted, 
**  and  could  number  every  shot  the  dragoons  had  fired  at  the 
**  fugitive  Covenanters.  In  fact>  we  discovered  that  no  novel 
**  of  the  least  celebrity  escaped  his  perusal,  and  that  the 
'^  gifted  man  of  science  was  as  much  addicted  to  the  pro- 
**  ductions  of  your  native  country,  in  other  words,  as  shame- 
**  less  and  obstinate  a  peruser  of  novels,  as  if  he  had  been  a 
"  very  milliner's  apprentice  of  eighteen."  t 

A  passage  of  kindred  interest,  and,  although  less  commonly 
adverted  to,  scarcely,  we  think,  less  striking  to  those  who 
study  the  mamters  of  great  minds,  occurs  in  Mr.  Lockhart's 
Life  of  his  illustrious  connexion ;  where  he  says,  **  Scott 
**  never  considered  any  amount  of  literary  distinction  as 


•  Scott  has  said  "  eighty-flflh,"  but         f  Introduction  to  *  The  Monastery/ 
this  we  We  ventured  to  correct  Abbotsford  edition,  vol.  v^  pp.  29,  80. 
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'^  entitled  to  be  spoken  of  in  the  same  breath  with  mastery  in 
"  the  higher  departments  of  practical  life.  *  *  To  have 
"  done  things  worthy  to  be  written  was,  in  his  eyes,  a  dignity 
"  to  which  no  man  made  any  approach  who  had  only  written 
"  things  worthy  to  be  read.  He,  on  two  occasions,  which  I 
"  can  never  forget,  betrayed  painful  uneasiness  when  his 
"  works  were  alluded  to  as  reflecting  honour  on  the  age  that 
<*  had  produced  Watt's  improvement  of  the  steam-engine, 
"  and  the  safety-lamp  of  Sir  Humphry  Davy.  Such  was  his 
"  modest  creed."  * 

We  believe  that  Sir  Walter  could  not  possibly  have  felt  a 
more  profoimd  reverence  for  the  mighty  labours  of  the  great 
mechanical  engineer,  than  Mr.  Watt  did  for  the  magical 
powers  of  the  glorious  novelist  and  poet.  Probably  each 
entertained,  towards  the  works  of  the  other,  sentiments  of 
greater  wonder,  and  no  less  affection,  than  towards  any  of  the 
more  familiar  creatures  and  combinations  of  his  own  imagi- 
native or  inventive  brain.  We  know  not,  indeed,  whether,  if 
the  general  suffrages  of  mankind  could  be  collected  as  to  the 
respective  objects  of  the  two  sorts  of  ambition,  the  result 
might,  in  the  present  age,  be  different  from  that  at  which 
Scott  seems  to  have  arriveif  But  when  the  exertion  of 
literary  power  is  supported  by  sound  learning,  and  the  exer- 
cise of  practical  art  is  regulated  by  the  standard  of  accurate 
science ;  when  each  is  employed  with  such  signal  success  to 
instruct^  to  refine,  to  improve  the  condition  and  extend  the 
happiness  of  mankind ;  when  thus  both  fairy  fiction  and 
stubborn  facts  are  seen  alike  to  be — 

"  but  minifitors  of  Truth, 


"  And  feed  her  sacred  flame :" — 

the  balance  of  comparative  merit  seems  to  hang  wonderfully 
even,  and  the  meed  of  consequent  fame  which  the  voice  of 
posterity  confers,  to  be  awarded  in,  probably,  a  very  equal 
measure. 

*  Locklinrrs  '  Life  of  Scott,'  chap.  "  quam  par  gloria  seqnator  scriptorem 

XXXV.  p.  822,  ed.  1842.  "  et  auctorem  reruin ;  tamcu  in  primU 

t  **  Et  qui  fccere,  et  qui  facta  ali-  "  ardumu  videtur  re#  gesiiis  9cribere.'* 

••  orum    scripsere,    multi    laudantur.  Sail.  *  ^eZ/um  C^tt7.' cap.  iii. 
**  Ac  mihi  quidem,  tametd  haudqua- 
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Compare  the  picture  drawn  by  so  perfect  a  master  of  his 
art  as  Sir  Walter,  with  the  following  yigorous  sketch,  for 
which  we  are  indebted  to  a  less-practised  feminine  hand.  If 
its  features  are  scarcely  so  finished,  its  outlines  seem  scarcely 
less  broad  and  forcible ;  and  we  believe  the  likeness  which  it 
expresses  to  be, — we  cannot  say  more, — as  striking  and  true. 
**  He  was  one  of  the  most  complete  specimens  of  tiie  melan- 
**  cholic  temperament.  His  head  was  generally  bent  forward 
^  or  leaning  on  his  hand  in  meditation ;  his  shoulders  stoop-' 
**  ing  and  his  chest  falling  in,  his  limbs  lank  and  unmuscular, 
and  his  complexion  sallow.  His  intellectual  develop- 
ment was  magnificent ;  comparison  and  causality  immense, 
*^  with  large  ideality  and  constructiveness,  individuality,  and 
**  enormous  concentrativeness  and  caution.  Whilst  Mr. 
^  Boulton's  eye  and  countenance  had  something  of  radiance, 
"  Mr.  Watt's  were  calm,  as  if  patiently  investigating,  or 
quietly  contemplating  his  object.  His  utterance  was  slow 
and  unimpassioned,  deep  and  low  in  tone,  with  a  broad 
^  Scottish  accent ;  his  manners  gentle,  modest,  and  imassum- 
^  ing.  In  a  company  where  he  was  not  known,  unless 
^spoken  to,  he  might  have  tranquilly  passed  the  whole 
".time  in  pursuing  his  own  meditations.  But  this  could  not 
"  well  happen ;  for  in  point  of  fact  everybody  practically 
"  knew  the  infinite  variety  of  his  talents  and  stores  of 
"  knowledge.  When  he  entered  a  room,  men  of  letters, 
"  men  of  science,  nay,  military  men,  artists,  ladies,  even 
"little  children  thronged  round  him.  I  remember  a  cele- 
"  brated  Swedish  artist  having  been  instructed  by  him 
"  that  rats'  whiskers  make  the  most  pliant  painting  brushes ; 
"  ladies  would  appeal  to  him  on  the  best  means  of  devising 
"  grates,  curing  smoking  chimneys,  warming  their  houses, 
"  and  obtaining  fast  colours.  I  can  speak  from  experience 
"  of  his  teaching  me  how  to  make  a  dulcimer  and  improve 
"  a  Jew's  harp."  *  Mrs.  SchimmellPenninck  adds,  "  Mr. 
"  Watt  was  ever  ready  to  give  information,  even  to  the  most 
"  Ignorant ;  and  often  do  I  remember  his  calling  me  to  sit 


*  *  Aatobiogn4;>hy  of  Mary  Anne  SchimmelPenninck,*  pp.  40, 41.    185S. 
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'<  upon  his  knee,  whilst  he  explained  the  different  principles 
<'  of  the  hurdy-gurdy  or  monochord,  the  harp,  and  the  piano ; 
**  or  the  construction  of  a  simple  whistle,  or  Pan's-pipe,  or  of 
'<  an  organ  ;  but  he  never  failed  to  tell  me,  that  the  hnrdj- 
''  gurdy  was  the  most  venerable  in  point  of  antiquity,  being 

no  other  than  an  adaptation  of  the  celebrated  monochord 

of  Pythagoras." 

Among  the  many  ^'  celebrities "  who,  in  the  last  years  of 
its  master,  visited  the  retirement  of  Heathfield,  (a  small 
estate  near  Birmingham  and  Soho,  which  Mr.  Watt  had  pur- 
chased in  1789,  and  on  which  he  afterwards  usually  resided), 
was  the  Countess  Bumford;  with  whom,  as  Madame  La- 
voisier, Mr.  <Watt  had  made  friendly  acquaintance  on  his 
first  visit  to  Paris.  It  is  curious  to  observe  how  much 
scientific  history  of ''  'tis  sixty  years  since,"  is  epitomised  in 
that  lady's  surrender,  and  subsequent  transfer,  of  her  affec- 
tions ;  as  well  as  in  one,  at  least,  of  her  intermediate  refusals 
so  to  transfer  them.  In  the  dawn  of  her  youth  and  beauty 
she  was  happily  married  to  Lavoisier ;  and,  in  the  noon-tide 
of  his  great  reputation,  made  more  than  half  the  charm  of  his 
delightful  home.  But  that  tie  having  been  too  early  severed 
by  his  dreadAil  death  at  the  hands  of  the  Revolutionists,  sl^ 
chose  to  marry,  "  en  secondes  noces,"  Thompson  Count  Bum- 
ford,  and  did  not  choose  to  marry  Dr.  Blagden.  "  Cavendish,** 
says  Lord  Brougham,  "  having  formed  a  high  opinion  of  Dr. 
"  (afterwards  Sir  Charles)  Blagden's  capacity  for  science, 
"  settled  a  considerable  annuity  on  him,  upon  condition  that 
"  he  should  give  up  his  profession  and  devote  himself  to 
**  philosophy ;  with  the  former  portion  of  which  condition  the 
"  Doctor  complied,  devoting  himself  to  the  hopeless  pursuit 
"  of  a  larger  income  in  the  person  of  Lavoisier's  widow,  who 
**  preferred  marrying  Count  Bumford,"  * 


•  'Lives  of  Men  of  Science  and 
•Lettere,'  vol.  i.  p.  446,  ed.  1845. 

Perhaps  the  legacy  of  15,000Z.  be- 
queathca  to  Blagden  by  Cavendish, 
which  **  was  generally  understood  to 
**  have  fiidlen  much  short  of  his  ample 
"  expectations,"  (see  above,  p.  35i5), 
fiiiled  to  the  same  extent  to  console 


him  for  the  Lavoisier  loss;  although 
on  that  head  he  may  possibly  have 
reooUected  the  observation  of  a  gx^at 
master  of  the  angling  art  to  hia 
scholar,— ** Kay,  the  tront  is  not  lost; 
"  for  pray  take  notice,  no  man  can 
"lose  what  he  never  had."—* The 
'  Complete  Angler,  or  Contemplative 
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''Watt  himself/'  says  Thomas  Campbell,  'the  Bard  of 
*  Hope/  writmg  in  February,  1819,  "  is  now  eighty-three ; 
"  but  80  fuU  of  anecdote  that  I  spent,"  (in  his  company  at 
Heathfield),  '^  one  of  the  most  amusing  days  I  have  ever  had 
"  with  a  man  of  science  and  a  sta^nger  to  my  own  pursuits.'** 
This  is  not  the  only  relic  which  Campbell  has  left  us  of  his 
visit  to  Heathfield  and  the  Soho  works,  in  the  very  last  year 
of  their  master's  life ;  for  in  a  little  poem  which  is  published 
in  his  Life  by  Beattie,t  he  follows  the  example  which  Darwin 
had  set  him,  of  marrying  to  immortal  verse  the  somewhat 
unpoetical  performances  of  the  steam-engine : — 


"  WhirPd  by  the  steam's  impetaous  breath 

"  I  mark*d  yon  engine's  mighty  wheel, 
"  How  fiut  it  forgM  the  anns  of  death, 

"  And  moulded  adamantine  steel ! 

"  But  soon — that  life-like  scene  to  stop, — 
**  The  steam's  impetaous  breath  to  chill, 

"  It  needed  but  one  single  drop 
"  Of  water  cold,  and  all  was  still ! 

**  Even  so,  one  tear  by      *     *    shed, 

"  It  kills  the  bliss  that  once  was  mine ; 
"  And  rapture  from  my  heart  is  fled, 
•  ••  Who  caus'd  a  tear  to  heart  like  thine  I " 

And  in  the  summer  of  the  same  year,  Lord  Brougham 
found  Bir.  Watt's  instructive  conversation,  and  his  lively  and 
even  playful  manner,  unchanged.^ 

No  shade,  indeed,  seems  ever  to  have  passed  across  the 
pleasant  sunshine  of  those  years  of  a  bright  old  age,  thus  pro- 
longed in  lustre,  save  that  inevitable  one  cast  by  the  awful 
vicissitudes  of  death  and  life.  But  that  dread  shadow,  ever 
chequering  the  path  of  humanity,  as  some  are  left  a  little 
longer  in  5ie  "  wildemess  of  this  world,"  and  others  are  taken 
a  little  sooner  to  their  eternal  rest>  falls  most  frequently  and 

*  lian's  Becreation,  by  Izaak  Walton,*         *  Beattie*B  *  Life  of  Campbell,*  yoL 
p.  104,  ed.  J.  Major,  1828.    Madame     ii.  p.  845. 

Kumford  died  in  1836,  at  the  od-  T  Ibid.,  vol.  iii.  p.  101. 

Tanced  age  of  81.    See  the  'Journal  t  *Livei  of  Men  of  Science  and 

•  of  Thomas  Baikee»*  toL  ii.  p.  824.  *  Letten  of  the  Beign  of  Geoige  III..' 
1856.  vol.  i.  p.  385. 
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darkly  across  the  road  of  him  who  has  the  longest  journey  to 

make. 

"  The  clouds  tbftt  gather  rcmnd  the  setting  sun 
"  Do  take  a  sober  colouring  from  an  eye 
**  Tliat  hath  kept  watch  o'er  man's  mortality ; 
"  Another  race  hath  been,  and  other  palms  are  won."  • 

In  1794,  Mr.  Watt  lost  his  old  patron  and  associate  Dr. 
Boebuck;  in  1799,  his  dear  friends  Black:  and  Withering; 
in  1802,  Darwin  "  of  the  silver  song,"  "almost  his  most  ancient 
**  acquaintance  and  friend  in  England."     The  account  which 
Dr.  Bobison  sent  him  of  the  death  of  Dr.  Black  is  striking  and 
interesting;! — "Colonel  Burnet  has  devolyed  on  me  the 
"  mournful  task  of  informing  you  of  the  loss  of  your  dear 
"  friend  Dr.  Black,  who  died  last  Friday.  Knowing  how  severely 
"  you  must  feel  this  long  expected  stroke,  I  should  hardly  have 
"  accepted  of  the  unpleasant  office,  were  it  not  in  my  power  to 
"  tell  you  that  his  end  was  such  as  his  most  affectionate  friend 
"  would  wish ; — without  a  groan,  and  without  warning.    The 
"  servant  had  set  down  his  little  dinner  before  him,  while  he 
"  was  busy  with  a  tinman  about  a  pan  for  warming  his  mess. 
"  Some  time  after,  a  gentleman  called ;  the  servant  opened  the 
"  door,  and  announced  him,  the  Doctor  sitting  as  usual,**   *   ♦ 
"  in  his  chair,  with  his  basin  of  milk  on  his  knees,  supported 
by  one  hand,  the  other  leaning  on  the  arm  of  the  chair,  and 
his  chin  resting  on  his  breast,  as  he  usually  slept  after  din- 
"  ner."  J     ♦    ♦     "  He  made  no  answer,  and  John  told  the 
"  gentleman  that  his  master  was  asleep,  and  desired  him  to 
"  call  again ;  and  then  went  down  stairs.     But,  recollecting 
"  that  tiie  Doctor  had  scarcely  had  time  to  prepare  and 
"  eat  his  little  mess,  and  that  he  never  had  observed  him 
"  fall  asleep  at  dinner  before,  he  went  up  again,  opened 
*^  the  door,  and  went  forward  till  he  could  see  his  master's 
**  face.    He  saw  him  with  his  eyes  shut,  and  having  his 
*^  basin  of  milk,   standing  between  his   thighs,   supported 
'^  by  his  right  hand.     Thinking  him  asleep,  and  the  milk 


*  Wordsworth,  Ode  on  *  Intimations  f  11th  Deoemher,  1799. 
'  of  Immortality  deriTed  from  recol-  {  18th  December,  1799. 
'  lections  of  Childhood.* 
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**  in  no  danger  of  spilling,  he  went  back  again,  and  shut  the 
"  door. 

*'  But  as  he  was  going  down  stairs,  his  heart  misgaTe  him> 
'*  and  he  returned,  and  came  forward,  and  called  him  by  name 
pretty  lend: — got  no  answer.  He  then  took  hold  of  his 
hand,  and  felt  all  cold ; — in  shorty  ^  found,'  as  he  said,  '  that 
*  his  poor  master  had  given  over  living,^  The  basin  was  not 
"  fully  supported  by  its  position,  and  was  really  kept  up  by 
"  Dr.  Black's  hand. 

"  What  an  enviable  close  of  life  to  every  man  I  and  to  our 
^'  dear  friend  it  was  inestimable.  You  know  that  his  mind 
was  elegance  itself.  He  sometimes  hinted  his  uneasiness  at 
the  thought  of  becoming  sUly,  or  slovenly,  or  squalid,  and 
even  of  the  last  struggle  of  life ;  and  could  not  bear  the 
thought  of  any  indecency  of  conduct  or  appearance.  His 
*^  wish  was  completely  gratified,  for  life  must  have  ceased 
'^  without  a  pang.  The  servant  told  me  that  for  an  hour  there 
^  was  not  any  change  observable  on  his  countenance.  Had 
**  skilfid  people  been  about  him,  that  sweet  countenance  might 
''  have  been  preserved.  When  I  saw  him  next  morning,  the 
'^  lips  had  been  allowed  to  contract. 

^  Dr.  Black  had  been  in  remarkably  good  spirits  ever  since 
'^  the  beginning  of  autumn,  and  was  as  busy  as  a  man  hanging 
**  by  his  slender  thread  could  be.  He  was  scheming  a  new 
"  laboratory,  to  be  built  by  subscription,  of  which  he  was  to 
''  be  the  contriver  and  the  architect ;  and  he  never  was  with- 
''  out  some  gentle  occupation.  Elegance  and  propriety  mo- 
**  delled  every  thought,  and  his  every  sketch  has  a  beauty 
**  which  would  be  highly  prized  if  found  at  Herculaneum. 
"  Qvxmdoviluminveniemvsparemf^^  *  *  "  Any  extravasation 
"  in  the  lungs  must  have  provoked  a  cough,  or  a  wry  face,  or 
^^  caused  some  movement.  Mr.  Geo.  Bell,  who  saw  him  within 
'^  five  minutes  after  his  death,  (for  the  servant  had  seen  him. 
^*  alive  about  that  time  before),  tells  me  that  there  was  not  the 
smallest  appearance  of  his  having  had  an  uneasy  sensation* 
He  thinks  that  it  was  a  paralytic  affection  of  the  diaphragm^ 
of  which  the  Doctor  twice  before  complained  to  his  father, 
''  saying  that  '  he  had  caught  himself  forgetting  to  breathe/ 
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**  The  heart,  beating  but  feebly,  ceased  at  the  firet  omission 
"  of  a  stimulus  from  the  pulmonic  vein,  (I  think  it  is  called). 
"  I  have  heard  that  Col.  Townshend  died  in  one  of  his  exhi- 
^  bitions  of  stopping  his  heart,  and  that  it  was  without  the 
"  least  struggle.  So  departed  our  friend."  ♦  ♦  «  When 
"  I  returned  from  London,  at  the  account  which  I  gave  him 
**  of  your  triumph  oyer  Homblower  and  Co.  he  was  delighted, 
"  even  to  tears.  He  said,  *  It  is  very  foolish,  but  I  can^t  help 
"  *  it,  when  I  hear  of  anything  good  to  Jamie  Watt'  " 

"  Like  you,  I  may  say,"  replied  Mr.  Watt,  "  to  him  I  owe 
**  in  great  measure  my  being  what  I  am ;  he  taught  me  to 
^  reason  and  experiment  in  natural  philosophy,  and  was  always 
**  a  true  friend  and  adviser,  whose  loss  will  always  be  lamented 
"  while  I  live.  We  may  all  pray  that  our  latter  end  may  be 
^  like  his ;  he  has,  truly,  gone  to  sleep  in  the  arms  of  his 
*^  Creator,  and  been  spared  all  the  regrets  attendant  on  a 
^  more  lingering  exit.  I  could  dwell  longer  on  this  subject, 
"  but  regrets  are  unavailing,  and  only  tend  to  enfeeble  our 
**  own  minds  and  make  them  less  able  to  bear  those  ills  we 
**  cannot  avoid.  Let  us  cherish  the  friends  we  have  left,  and 
"  do  as  much  good  as  we  can  in  our  day  I" 

Dr.  Black's  fortune  amounted  to  about  20,000?.,  and  in  the 
disposal  which  he  made  of  it  among  his  very  numerous  rela- 
tives, he  was  true  to  the  habits  which  chemistry  had  taught 
him,  of  minute  and  exact  division ;  for,  the  better  to  enaMe 
himself  to  make  the  apportionment  with  due  attention  to  the 
precise  wants  and  just  claims  of  each  of  his  intended  legatees, 
he  divided  the  whole  sum  into  10,000  shares,  and  parcelled 
them  out  in  what  was  said  at  the  time  to  be  a  most  unexcep- 
tionable manner. 

In  1804,  Mr.  Watt's  favourite  son  Gregory,  the  charms  of 
whose  presence  and  extraordinetry  talents  were  the  ornament 
and  pride  of  his  race,  Icmguished  and  died  of  that  insidious 
disease  which  so  often  destroys  the  most  accomplished  and 
the  most  lovely ;  and  it  was  long  ere  the  old  man's  feelings 
recovered  their  wonted  tranquillity,  which  this  severe  blow 
had  deeply  disturbed.  The  loss  of  his  early  and  ingenious 
companion  Professor  Robison  in  1805;  of  Dr.  Beddoes  in 
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1808;  of  Mr.  Bonlton  in  1809;*  of  his  "dear  friend" 
Dr.  Patrick  Wilson  in  1811,  and  of  De  Luc  in  1817,  (at  the 
great  age  of  93),t  as  well  as  of  many  others  who,  thou^  less 
known  in  the  fields  of  science,  were  not  less  honoured  by  his 
cordial  attachment,  caused  him  emotions  of  sorrow  to  which 
he  has  repeatedly  given  utterance.  "  By  one  friend's  with- 
"  drawing  after  another,"  he  felt  himself  "  in  danger  of 
''  standing  alone  among  strangers,  the  sons  of  later  times  ;*' 
but  such  events  were  calls  to  him  also  to  be  ready,  and 
such  calls  he  habitually  acknowledged  and  obeyed.  ''  We 
"  cannot  help  feeling,"  he  writes  to  Mr.  Boulton,  J  "  with 
"  deep  regret,  the  circle  of  our  old  Mends  gradually  diminish- 
**  ing,  while  our  ability  to  increase  it  by  new  ones  is  equally 
"  diminished ;  but  perhaps  it  is  a  wise  dispensation  of  Provi- 
"  dence  so  to  diminish  our  enjoyments  in  this  world,  that 


*  In  the  notes  which  he  added  to 
the  last  edition  of  Professor  Robison's 
Easay  on  the  Steam-Engine,  Watt, 
[peaking  of  Mr.  Boulton,  expressed 
hunself  in  these  terms : — "  In  1774-5, 
**  I  commenced  a  partnership  wiUi 
**  Mr.  Bonlton,  which  terminated  with 
•*  the  exclusive  privil^e  in  the  year 
**  ISOO,  when  I  retired  uom  bosineas ; 
"  but  our  friendship  continued  nn- 
'*  diminished  to  the  close  of  his  life. 
**  As  a  memorial  due  to  that  friend- 
"  ship,  I  avail  myself  of  this,  pro- 
**  bably  a  last  public  opportunity,  of 
**  stating,  that  to  his  friendly  encour- 
'*  agement;  to  his  partiality  for  scien- 
**  tilo  improvements,  and  his  ready 
application  of  them  to  the  processes 
of  art ;  to  his  intimate  knowledge 
of  business  and  manu&ctures,  and 
to  his  extended  views  and  liberal 
■pint  of  enterprise,  must  in  a  great 
measure  be  ascribed  whatever  suc- 
cess may  have  attended  my  ex- 
"  ertions." 

The  same  lady  who  has  so  weU 
sketched  the  mien  and  deportment 
of  Mr.  Watt,  has  left  the  following 
equally  graphic  description  of  Mr. 
BoultoQ  : — **  Ha  WB8  taU  and  of  a 
noble  appearance  ;  his  temperament 
was  sanguine,  with  tiiat  slight  mix- 
ture of  the  phlegmatic  which  im- 
parts calmness  and  dignity  ;  his 
**  manners  were  eminently  open  and 
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"  cordial ;  he  took  the  lead  in  con- 
"  versations,  and  with  a  social  heart 
had  a  grandiote  manner  like  tiiat 
arising  from  position,  wealth,  and 
habitvuEkl  command.  He  went  among 
his  people  like  a  monarch  bestowing 
largess. '  Many  anecdotes  have 
been  preserved  of  his  highly  upright 
and  honourable  feelings,  as  weU  as  of 
his  liberality  and  kindness  to  aU  who 
came  within  the  circle  of  his  influ- 
ence ;  and  it  was  truly  said  of  **  the 
"  princely  Boulton,"  that  **  he  dig- 
"  nified  ihe  name  of  a  British  manu- 
"  facturer.'* — **  His  forehead  was  mag- 
**  nificeut ;  the  organs  of  compari^son, 
**  constructiveness,  and  of  individu- 
ality were  immense.**  ♦  ♦  "Amongst 
those  disting^shed  men,  Mr.  Boul- 
ton, by  his  noble  manners,  his  fine 
countenance,  (which  much  resem- 
"bled  that  of  Louis  XIV.),  and 
"  princely  munificence^  stood  pre- 
"  eminently  as  the  great  Msdcenas.'* 

t  On  what  appears  to  have  been 
Mr.  Watt's  last  visit  to  him  at  Windsor, 
in  July,  ISll,  he  says  he  saw  *'  poor 
"  Mr.  De  Luc,  who  cannot  stir  urom 
"  his  bed  wiliiout  help,  but  can  sit 
"and  write,  in  which  he  oooupies 
"  himself  constantly.  His  memory 
"  and  (acuities  seem  entire.  *  *  His 
**  present  work  is  an  accomnt  of  his 
*'  travels  on  the  coasts  of  the  Baltic." 
}  2Srd  November,  1802. 
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^  when  our  turn  comes  we  may  leave  it  without  regret."     So^ 
eight  years  later,  to  another  correspondent,*  ^  I,  in  partumlar, 
^  have  reason  to  thank  Qod  that  he  has  preserved  me  so  wdl 
^'  as  I  am,  to  so  late  a  period,  while  the  greater  part  of  1117 
^  contemporaries,  healthier  and  younger  men,  have  passed 
**  *  the  bourne  ftom  which  no  traveller  returns.'    It  is,  how- 
**  ever,  a  painful  contemplation  to  see  so  many  who  were  dear 
^^  to  us  pass  away  before  us ;  and  our  consolation  should  be, 
**  that  as  Providence  has  pleased  to  prolong  our  Ufe,  we  should 
**  render  ourselves  as  useful  to  society  as  we  can  while  we  live." 
And  again,  when  seventy-six  years  of  age,t  ^  On  these  sub- 
**  jects  I  can  offer  no  other  consolations  than  what  are  derived 
^  firom  religion  :  they  have  only  gone  before  us  a  little  while, 
**  in  that  path  we  all  must  tread,  and  we  should  be  thankful 
"  they  were  spared  so  long  to  their  friends  and  the  world." 

Indeed,  Cicero's  arguments  for  the  great  and  peculiar  hap- 
piness  of  old  age,  beautifully  as  they  are  expressed  and  en- 
forced by  him  in  his  celebrated  treatise  on  that  subject,  umst, 
we  fear,  be  viewed  as  being  more  rhetorical  than  real ;  and 
we  feel  disposed  rather  to  agree,  as  Mr.  Watt  seems  to  have 
done,  in  the  truth  of  the  less  rapturous  contentment  expressed 
by  another  writer,  of  no  less  power,  whose  sentiments  come 
still  more  home  to  the  heart  "  That  is  the  worst  part  of 
"  life,"  says  Sir  Walter  Scott,  "  when  its  earlier  path  is  trod. 
'^  If  my  limbs  get  stiff,  my  walks  are  made  shorter,  and  my 
**  rides  slower :  if  my  eyes  fail  me,  I  can  use  glasses  and  a 
*'  large  print :  if  I  get  a  little  deaf,  I  comfort  myself  that 
**  except  in  a  few  instances  I  shall  be  no  great  loser  by 
**  missing  one  full  half  of  what  is  spoken :  InU  I  fed  the 
*^  loneliness  of  age  when  my  companums  and  friends  are  taken 
^^  from  me*^X 

When,  in  the  autumn  of  1819,  an  illness  of  no  great 
apparent  severity, — ^but  which  also  proved  to  be  of  no  very- 
long  duration, — caused  some  little  anxiety  to  Mr.  Watt's 
friends,  it  was  soon  recognised  by  himself,  with  devout  lesig- 

^  12th  July,  1810.  1822.    Lookhart*8  'Life  of  Boott,'  n. 

t  January,  1812.  477,  ed.  1842. 

X  To  Miw  Edgewoiih,  24th  April, 
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nation,  as  the  messenger  sent  to  summon  him  away.  In  con- 
templation of  the  solemn  event  which  he  perceiyed  was  cer- 
tainly approaching,  he  calmly  conversed  on  that  and  other 
subjects  with  those  around  him ;  and  expressed  his  gratitude 
to  the  Giver  of  All  Gtxxl,  who  had  so  signally  prospered  the 
work  of  his  hands,  and  blessed  him  with  length  of  days,  and 
riches,  and  honour. 

On  the  19th  of  August,  at  his  own  house  at  Heathfield,  he 
tranquilly  expired;  and,  amid  the  reverent  sorrow  of  all 
classes  of  men,  his  remains  were  interred  in  the  parish  church 
of  Handsworth,  near  those  of  his  eminent  and  venerable  asso- 
ciate, Mr.  Boulton. 

M.  Arago,  one  of  the  most  uncompromising,  though,  at 
the  same  time,  the  most  pure-minded  and  amiable  of  repub- 
licans, has  expressed,  in  his  '  Eloge,'  great  and  rather  indig- 
nant surprise  that  **  it  was  not  even  proposed  to  make  Watt  a 
"  Peer."  It  was  certainly  not  proposed  to  elevate  him  to  the 
peerage ;  nor  would  that  have  suited  the  moderate  fortune, 
the  retired  habits,  and  the  unambitious  character  of  Mr. 
Watt.  They  order  these  things  diflTerentiy  in  France,  and 
M.  Arago  no  doubt  supposed  that  what  was  almost  a  matter 
of  course  in  the  one  country,  should  be  so  also  in  the  other. 
But  the  English  Government  was  not  altogether  unmindfid 
of  the  merits  of  Mr.  Watt ;  and  it  was  intimated  to  him,  by  a 
friendly  message  from  Sir  Joseph  Banks,  a  few  years  before 
his  death,  that  the  highest  honour  usually  conferred  in  Eng- 
land on  men  of  literature  and  science, — (that  of  a  Baronetcy), 
— ^was  open  to  him,  if  he  chose  to  express  a  wish  to  that 
effect.  He  felt  flattered  by  the  intimation,  but  on  conversing 
with  his  son,  it  occurred  to  both,  that  there  were  circum- 
stances and  considerations  which  rendered  it  ineligible.  It 
was,  therefore,  allowed  to  drop;  although  with  a  sincere 
feeling  of  gratitude  on  the  part  of  Mr.  Watt  towards  the 
Sovereign  who  was  prepared  so  to  have  honoured  him. 
James  Watt  would  have  been  the  last  to  join  in  any  disloyal 
outcry  such  as  we  have  heard  raised  in  our  own  time,  to  the 
effect  that  the  names  of  men  of  genius  are  more  dignified  in 
themselves  than  when  they  have  received  the  addition  of 
titles  of  higher  rank ;   and  far  distant,  we  trusty  may  be  the 
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day,  when  trae  British  hearts  will  consent  either  to  speak 
evil  of  dignities,  or  to  slight  the  majesty  of  that  regal  power 
which  has  the  constitutional  privilege  of  conferring  them.  It 
is  tniOy  that 

"  The  rank  is  but  the  guinea  stamp, — 
"  The  man 's  the  gowd  for  a'  that  ;"— 

but  the  pure  gold  loses  nothing  of  its  genuineness  by  being 
stamped  with  the  image  and  superscription  of  the  monarch, 
and  made  to  pass  current  in  the  world  with  that  additional 
warrant  and  estimate  of  its  value.  Most  of  the  Peers  of 
England  have  owed  their  patents  of  nobility  to  great  talents, 
or  services  rendered  to  their  coimtry  by  their  ancestors  or 
themselves ;  there  is  no  reason  why  that  which  adds  lustre  to 
the  renown  of  a  Nelson  or  a  Wellington  should  bring  discredit 
on  the  name  of  a  Watt ;  and  sach  an  elevation,  we  venture  to 
believe,  will  never  be  despised,  as  one  of  the  rewards  of  an 
honest  and  honourable  ambition,  except  by  that  most  incon- 
sistent of  all  feelings,  ^^  the  pride  which  apes  humility." 

Not  long  after  Mr.  Watt's  death,  it  was  understood  that 
Lord  Liverpool  had  publicly  expressed  regret,  that  a  great 
opportunity  of  rewarding  merit  had  been  lost.  That  such 
were  the  sentiments  of  the  King,  (George  IV.))  and  of  the  able 
men  who  then  formed  the  ministry,  became  evident  from  the 
eagerness  with  which  they  entered  into  the  proposal  of 
erecting  a  public  monument  to  the  memory  of  Mr.  Watt, 
when  suggested  by  his  friends,  among  whom  Mr.  Charles 
Hampden  Turner  took  the  lead  At  the  meeting  at  which 
provision  was  made  for  effecting  that  national  object,  the 
Prime  Minister  of  the  Crown  occupied  the  chair,  and  an- 
nounced that  he  was  commanded  by  the  King  to  say  that  he 
was  most  deeply  sensible  of  the  merits  of  Mr.  Watt ;  that 
he  was  most  anxious  that  there  should  be  no  subscription 
in  testimony  of  such  services  in  which  his  name  should  not 
appear;  and  that  he  was  authorised  to  put  down  liis 
Majesty's  name  for  500/. ;  while  a  Huskisson,  a  Peel,  an 
Aberdeen,  and  a  Brougham,  vied  with  a  Davy,  a  Mackintosh, 
a  Wilberforce,  and  a  Wedgwood,  in  expressing  their  sense  of 
the  value  of  the  magnificent  inventions  with  which  the  name 
of  Watt  was  associated.     '^  A  meeting  more  distinguished  by 
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^  rank,  Biation,  and  talent/' — as  it  was  truly  remarked  at  the 
time, — **  was  never  assembled  to  do  honour  to  genius,  and  to 
modest  and  retiring  worth ;  and  a  more  spontaneous,  noble, 
and  discriminating  testimony  was  never  borne  to  the  virtues, 
talents,  and  public  services  of  any  individual,  in  any  age  or 
country."  To  be  so  honoured  by  those  most  full  of  honour, 
and  praised  by  the  most  praiseworthy,  seems  to  leave  nothing 
more  to  be  desired  in  the  way  of  posthumous  £Eime,  of 
private  respect,  or  national  esteem. 

The  tribute  which  a  grateftd  nation  has  since  paid  to  his 
memory  is  thus  testified  not  only  by  those  monuments 
which  in  other  places  throughout  the  kingdom  his  country- 
men have  set  up,  but  also  by  the  colossal  statue,  firom  the 
chisel  of  Chantrey,  erected  in  Westminster  Abbey,  by  "  the 
"  King,  his  Ministers,  and  many  of  the  Nobles  and  Commoners 
**  of  the  realm ;"  "  Not,"  in  the  eloquent  words  of  Lord 
Brougham,  now  for  ever  associated  witJi  the  triumphs  of  the 

sculptor,  "TO  PERPETUATE  A  NAME  WHICH  MUST  ENDUBB 
**  WHILE  THE  PEACEFUL  ARTS  FLOURISH,  BUT  TO  SHEW  THAT 
**  MANKIND  HAVE  LEARNT  TO  HONOUR  THOSE  WHO  BEST 
"  DESERVE  THEIR  GRATITUDE."  * 


*  The  inscription  is  as  foUows  : — 

NOT  TO  PERPETUATE  A  NAME 
WHICH  MUST  ENDURE  WHILE  THE  PEACEFUL  ARTS  FLOURISH 

BUT  TO  SHEW 

THAT  MANKIND  HAVE  LEARNT  TO  HONOUR  THOSE 

WHO  BEST  DESERVE  THEIR  GRATITUDE 

THE  KINO 

HIS  MINISTERS  AND  MANY  OF  THE  NOBLES 

AND  COMMONERS  OF  THE  REALM 

RAISED  THIS  MONUMENT  TO 

JAMES  WATT 

WHO  DIRECTINQ  THE  FORCE  OF  AN  ORIOINAI»  GENIUS 

EARLY  EXERCISED  IN  PHILOSOPHIC  RESEARCH 

TO  THE  IMPROVEMENT  OF 

THE  STEAM  ENGINE 

ENLARGED  THE  RESOURCKS  OF  HIS  COUNTRY 

INCREASED  THE  l>OWER  OF  MAN 

AND  ROSE  TO  AN  EMINENT  PLACE 

AMONG  THE  MOST  ILLUSTRIOUS  FOLLOWERS  OF  SCIENCE 

AND  THE  REAL  BENEFACTORS  OF  THE  WORLD 

BORN  AT  GREENOCK  MDCCXXXVI 

DIED  AT  HEATHFIELD  IN  STAFFORDSHIRE  MDCGCXIZ. 


i 
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Lord  Brougham's  composition  has,  indeed,  attained  the 
distinction  of  being  declared  '^beyond  all  comparison  the 
^  finest  lapidary  inscription  in  the  English  language/'  and  is 
said  by  the  same  authority  to  have,  *'  among  its  other  signal 
**  merits,  one  which  appertains  rather  to  its  subject  than  its 
"  author,  that,  lofty  as  is  the  eulogy,  every  word  of  it  is 
"true."* 

The  filial  piety  of  the  late  Mr.  Watt  of  Aston  Hall  has 
liberally  and  judiciously  multiplied  those  noble  statues  of  his 
father,  which  have  been  justly  regarded  as  Chantrey's  greatest 
works.  Thus  the  Town  of  Greenock,  the  Uniyersity  of 
Glasgow,  and  the  Church  of  Handsworth,  each  possesses  one 
of  those  exquisite  pieces  of  memorial  sculpture,  truthfally 
portraying  to  distant  ages  the  mild,  thoughtftil,  and  yenerable 
features  of  the  patriarchal  sage,  and  with  silent  but  impressive 
eloquence  commemorating  the  birth,  the  life,  the  inventions, 
and  the  death  of  James  Watt  But  there  is,  perhaps,  no  one 
whose  name  more  forcibly  illustrates  the  sentiment  of  anti- 
quity,— that  "of  illustrious  men  the  whole  world  is  the 
**  tomb ;  and  not  only  does  the  inscription  on  their  own 
"  monuments  in  their  own  country  bear  witness  to  their 
"  glory,  but  even  in  foreign  lands  an  unwritten  record  of  the 
"  mind  rather  than  of  any  monument  remains  with  every  one 
"  for  ever."  f 

To  him  we  may,  perhaps,  be  permitted  to  apply, — in  no 
spirit,  we  trust,  of  undue  presumptuousness, — what  a  loving 
disciple  has  said  of  another  of  the  greatest  of  sages : — 

<<  This  was  the  end,  to  us,  of  our  friend :  a  man  who  was,  if 
^*  we  may  be  permitted  to  say  so,  of  all  those  of  his  time,  (so 
"  far  as  we  have  known  anything  of  them),  the  most  vir- 

"  TUOUS,  THE  MOST  WISE,  AND  THE  MOST  JUST."  J 


•  '  Quarterly  Reyiew/  vol.  CIV.  p.  cap.  43,  ed.  Arnold,  1830. 

451.    1868.                                .        «  *  "*"••  *  TfXfuT^,  £  *Ex^icf)«T»f, 

t  '**Ap9p&p  yhp  4wt^Kiy&p  weura  y^  **  rod  iredftov  iifup  iy4pero'  &r8fH{f,  irr 

"  rdpoSf  ffcd  ott  tmiXSy  iUpop  4v  r§  <*  ilM^f  ^aifttr  (bf,  r&p  r6r^  ip  iwwipd- 

'*  oUtl^  inifudr€t  iwtypa^,  iiMuk  ical  &  **  Brifitp  APUTOT,  mil  lUXwi  ♦PONI- 

*<  if  jiii  wpomiKoCin  iyftiupos  fu^/iv  «'a^  *'  MaTATOT,  jcol  AIKAIOTATOT/'— 

*'  IffdUrry  Tfis  yp£/Aris  ftSiXXop  ^  rov  Plat^PAod.  cap.  Izyiii. 
*'  ipyoy  MMuroroi."— Thnojd.  Ub.  ii 
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"This  name,"  wrote  Lord  Jefirey,  on  i-ecciving  the  first 
intelligence  of  the  death  of  his  venerated  friend, — and  the 
portraiture  he  then  rapidly  drew  will  always  remain  unsur- 
passed in  fidelity  and  power, — "  fortunately  needs  no  comme- 
''moration  of  ours;  for  he  that  bore  it  survived  to  see  it 
crowned  with  undisputed  and  unenvied  honours ;  and  many 
generations  will  probably  pass  away,  before  it  shall  have 
gathered  *  all  its  fame.'  We  have  said  that  Mr.  Watt  was 
the  great  improver  of  the  steam-engine ;  but,  in  truth,  as  to 
**  all  that  is  admirable  in  its  structure,  or  vast  in  its  utility, 
**  he  should  rather  be  described  as  its  inventor.  It  was  by  l]ds 
inventions  that  its  action  was  so  regulated,  as  to  make  it 
capable  of  being  applied  to  the  finest  and  most  delicate 
manufactures,  and  its  power  so  increased,  as  to  set  weight 
and  solidity  at  defiance.  By  his  admirable  contrivance,  it 
has  become  a  thing  stupendous  alike  for  its  force  and  its 
flexibility, — for  the  prodigious  power  which  it  can  exert, 
**  and  the  ease,  and  precision,  and  ductility,  with  which  it  can 
be  varied,  distributed,  and  applied.  The  trunk  of  an 
elephant,  that  can  pick  up  a  pin  or  rend  an  oak,'  is  as 
nothing  to  it.  It  can  engrave  a  seal,  and  crush  masses  of 
**  obdurate  metal  before  it, — draw  out,  without  breaking,  a 
^  thread  as  fine  as  gossamer,  and  lift  a  ship  of  war  like  a 
^  bauble  in  the  air.  It  can  embroider  muslin  and  forge 
**  anchors, — cut  steel  into  ribbons,  and  impel  loaded  vessels 
"  against  the  fury  of  the  winds  and  waves. 

^'  It  would  be  difficult  to  estimate  the  value  of  the  benefits 
**  which  these  inventions  have  conferred  upon  this  country. 
^  There  is  no  branch  of  industry  that  has  not  been  indebted 
to  them ;  and,  in  all  the  most  material,  they  have  not  only 
widened  most  magnificently  the  field  of  its  exertions,  but 
*^  multiplied  a  thousand-fold  the  amount  of  its  productions. 
"  It  is  our  improved  steam-engine  that  has  fought  the  battles 
*^  of  Europe,  and  exalted  and  sustained,  through  the  late  tre- 
"  mendous  contest,  the  political  greatness  of  our  land.  It  is 
"  the  same  great  power  which  now  enables  us  to  pay  the 
"  interest  of  our  debt,  and  to  maintain  the  arduous  struggle 
**  in  which  we  are  still  engaged,  [1819],  with  the  skill  and 
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capital  of  coimtriee  less  oppressed  with  taxation.  Bnt  these 
**  are  poor  and  narrow  yiews  of  its  importance.  It  has 
**  increased  indefinitely  the  mass  of  human  comforts  and 
**  enjoymentSy  and  rendered  cheap  and  accessible,  all  over  the 
'^  world,  the  materials  of  wealth  and  prosperity.  It  has 
**  armed  the  feeble  hand  of  man,  in  short,  with  a  power  to 
''  which  no  limits  can  be  assigned ;  completed  the  dominion 
"  of  mind  over  the  most  refractory  qualities  of  matter  ;  and 
**  laid  a  sure  foundation  for  all  tiiose  future  miracles  of 
*^  mechanic  power  which  are  to  aid  and  reward  the  labours  of 
^*  after  generations.  It  is  to  the  genius  of  one  man,  too,  that 
all  this  is  mainly  owing;  and  certainly  no  man  ever 
bestowed  such  a  gift  on  his  kind.  The  blessing  is  not  only 
**  universal,  but  imbounded ;  and  the  fabled  inventors  of  the 
"plough  and  the  loom,  who  were  deified  by  the  erring  grati- 
"  tude  of  their  rude  contemporaries,  conferred  less  important 
"  benefits  on  mankind  than  the  inventor  of  our  present  steam- 
"  engine. 

"  This  will  be  the  fame  of  Watt  with  future  generations ; 
"  and  it  is  sufiBcient  for  his  race  and  his  coimtry.  But  to 
"  those  to  whom  he  more  immediately  belonged,  who  lived  in 
"  his  society  and  enjoyed  his  conversation,  it  is  not,  perhaps, 
"  the  character  in  which  he  will  be  most  frequently  recalled, 
"  — ^most  deeply  lamented,— or  even  most  highly  admired. 
*'  Independently  of  his  great  attainments  in  mechanics,  Mr. 
"  Watt  was  an  extraordinary,  and  in  many  respects  a  won- 
**  d^rful  man.  Perhaps  no  individual  in  his  age  possessed  so 
"  much  and  such  varied  and  exact  information, — had  read  so 
"  much,  or  remembered  what  he  had  read  so  accurately  and 
well.  He  had  infinite  quickness  of  apprehension,  a  prodi- 
gious memory,  and  a  certain  rectifying  and  methodising 
"  power  of  understanding,  which  extracted  something  pre- 
"  cious  out  of  all  that  was  presented  to  it.  His  stores  of 
"  miscellaneous  knowledge  were  immense,— and  yet  less 
"  astonishing  than  the  command  he  had  at  all  times  over 
"  them.  It  seemed  as  if  every  subject  that  was  casually 
"  started  in  conversation  with  him,  had  been  that  which  he 
"  had  been  last  occupied  in  studying  and  exhausting ; — such 
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was  the  copionsnessy  the  precision,  and  the  admirable  clear- 
ness of  the  information  which  he  poured  out  upon  it  with- 
"  out  effort  or  hesitation.  Nor  was  this  promptitude  and 
**  compass  of  knowledge  confined  in  any  degree  to  the  studies 
**  connected  with  his  ordinary  pursuits.  That  he  should  have 
*^  been  minutely  and  extensively  skilled  in  chemistry  and  the 
^  arts,  and  in  most  of  the  branches  of  physical  science,  might 
"  perhaps  have  been  conjectured ;  but  it  could  not  have  been 
**  inferred  from  his  usual  occupations,  and  probably  is  not 
**  generally  known,  that  he  was  curiously  learned  in  many 
"  branches  of  antiquity,  metaphysics,  medicine,  and  etymo- 
^  logy,  and  perfectly  at  home  in  all  the  details  of  architec- 
**  ture,  music,  and  law.  He  was  well  acquainted,  too,  vdth 
^  most  of  the  modem  languages, — and  familiar  with  their 
"  most  recent  literature.  Nor  was  it  at  all  extraordinary  to 
"  hear  the  great  mechanician  and  engineer  detailing  and 
^'  expounding,  for  hours  together,  the  metaphysical  theories 
"  of  the  German  logicians,  or  criticising  the  measures  or  the 
**  matter  of  the  German  poetry. 

^'His  astonishing  memory  was  aided,  no  doubt,  in  a  great 
"  measure,  by  a  still  higher  and  rarer  faculty, — by  his  power 
*^  of  digesting  and  arranging  in  its  proper  place  all  the 
''  information  he  received,  and  of  casting  aside  and  rejecting, 
•*  as  it  were  instinctively,  whatever  was  worthless  or  imma- 
^  terial.  Every  conception  that  was  suggested  to  his  mind 
*'  seemed  instantly  to  take  its  place  among  its  other  rich  fur- 
"  niture,  and  to  be  condensed  into  the  smallest  and  most  s^n- 
'*  venient  form.  He  never  appeared,  therefore,  to  be  at  all 
**  encumbered  or  perplexed  with  the  verbiage  of  the  dull  books 
^*  he  perused,  or  the  idle  talk  to  which  he  listened ;  but  to 
^  have  at  once  extracted,  by  a  kind  of  intellectual  alchemy, 
**  all  that  was  worthy  of  attention,  and  to  have  reduced  it,  for 
^*  his  own  use,  to  its  true  value  and  to  its  simplest  form. 
'^  And  thus  it  often  happened,  that  a  great  deal  more  was 
'^  learned  from  his  brief  and  vigorous  account  of  the  theories 
^  and  arguments  of  tedious  writers,  than  an  ordinary  student 
**  could  ever  have  derived  bom  the  most  painful  study  of  the 
*^  originals, — and  that  errors  and  absurdities  became  manifest 
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*^  from  the  mere  deamess  and  plainness  of  his  statemeiil  of 
'^  them,  which  might  have  deluded  and  perplexed  most  of  Us 
**  hearers  without  that  invaluable  assistance. 

**  It  is  needless  to  say,  that,  with  those  vast  reBOOToee»  his 
"  conyersation  was  at  all  times  rich  and  instructive  in  no  oidi- 
"  nary  degree  :  but  it  was,  if  possible,  still  more  pleasingthiii 
^  wise,  and  had  all  the  charms  of  familiarity,  with  all  the 
**  substantial  treasures  of  knowledge.  No  man  could  be  more 
**  social  in  his  spirit,  less  assuming  or  fastidious  in  his  mannen, 

or  more  kind  and  indulgent  towards  all  who  approached  him. 

He  rather  liked  to  talk, — at  least  in  his  latter  years;  but 
**  though  he  took  a  considerable  share  of  the  converBation,  be 
*'  rarely  suggested  the  topics  on  which  it  was  to  turn,  but  leadiljr 
^  and  quietly  took  up  whatever  was  presented  by  those  arouiid 
''  him,  and  astonished  the  idle  and  barren  propoondeis  of  an 
*'  ordinary  theme,  by  the  treasures  which  he  drew  from  the 
"  mine  they  had  unconsciously  opened.  He  generally  seemed, 
"  indeed,  to  have  no  choice  or  predilection  for  one  mjhfect  ot 
"  discourse  rather  than  another ;  but  allowed  his  minid,  like  a 

great  cyclopaedia,  to  be  opened  at  any  letter  his  aaBodates 

might  choose  to  turn  up,  and  only  endeavour  to  select,  from 
**  his  inexhaustible  stores,  what  might  be  best  adapted  to  the 
*'  taste  of  his  present  hearers.  As  to  their  capacity  he  gave 
''  himself  no  trouble ;  and,  indeed,  such  was  his  singular 
^'  talent  for  making  all  things  plain,  clear,  and  intelligible, 
"  that  scarcely  any  one  could  be  aware  of  such  a  deficieiicj 
**  in  his  presence.  His  talk,  too,  though  overflowing  with 
**  information,  had  no  resemblance  to  lecturing  or  solemn  dis- 
''  coursing,  but,  on  the  contrary,  was  full  of  colloquial  qaiit 
^  and  pleasantry.     He  had  a  certain  quiet  and  grave  humour, 

which  ran  through  most  of  his  conversation,  and  a  vein  of 

temperate  jocularity,  which  gave  infinite  zest  and  effect  to 
^  the  condensed  and  inexhaustible  information  which  fonned 
**  its  main  staple  and  characteristic.  There  was  a  little  air  of 
**  affected  testiness,  and  a  tone  of  pretended  rebuke  and  ooo- 
^  tradiction,  with  which  he  used  to  address  his  younger  hkaA, 
**  that  was  always  felt  by  them  as  an  endearing  mark  of  hii 
^  kindness  and  familiarity, — ^and  prized  accordingly^  &i  be* 
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yond  all  the  solemn  compliments  that  ever  proceeded  from 
the  lips  of  authority.  His  Toice  was  deep  and  powerful, — 
though  he  commonly  spoke  in  a  low  and  somewhat  mono- 
tonous tone,  which  harmonized  admirably  with  the  weight 
and  brevity  of  his  observations,  and  set  oflf  to  the  greatest 
**  advantage  the  pleasant  anecdotes,  which  he  delivered  with 
the  same  grave  brow,  and  the  same  calm  smile  playing 
soberly  on  his  lips.  There  was  nothing  of  effort  indeed,  or 
"  impatience,  any  more  than  of  pride  or  levity,  in  his  demea- 
**  nour ;  and  there  was  a  finer  expression  of  reposing  strength, 
"  and  mild  self-possession  in  his  manner,  than  we  ever  recol- 
"  lect  to  have  met  with  in  any  other  person.  He  had  in  his 
**  character  the  utmost  abhorrence  for  all  sorts  of  forwardness, 
"  parade,  and  pretensions ;  and,  indeed,  never  failed  to  put  all 
"  such  impostures  out  of  countenance,  by  the  manly  plainness 
"  and  honest  intrepidity  of  his  language  and  deportment 

"  In  his  temper  and  dispositions  he  was  not  only  kind  and 
"  affectionate,  but  generous,  and  considerate  of  the  feelings  of 
"  all  around  him ;  and  gave  the  most  liberal  assistance  and 
"  encouragement  to  all  young  persons  who  showed  any  indi- 
"  cations  of  talent,  or  applied  to  him  for  patronage  or  advice. 
"  His  health,  which  was  delicate  from  his  youth  upwards, 
"  seemed  to  become  firmer  as  he  advanced  in  years ;  and  ho 
"  preserved,  up  almost  to  the  last  moment  of  his  existence, 
"  not  only  the  full  command  of  his  extraordinary  intellect, 
"  but  all  the  alacrity  of  spirit,  and  the  social  gaiety,  which 
"  had  illumined  his  happiest  days.  His  friends  in  this  part 
of  the  country  never  saw  him  more  full  of  intellectual  vigour 
and  colloquial  animation, — ^never  more  delightful  or  more 
"  instructive, — than  in  his  last  visit  to  Scotland  in  autumn 
"  1817.  Indeed,  it  was  after  that  time  that  he  applied  him- 
**  self,  with  all  the  ardour  of  early  life,  to  the  invention  of  a 
"  machine  for  mechanically  copying  all  sorts  of  sculpture  and 
**  statuary ; — and  distributed  among  his  friends  some  of  its 
"  earliest  performances,  as  the  productions  of  a  young  artist 
"  just  entering  on  his  eighty-third  year. 

"  This  happy  and  useful  life  came,  at  last,  to  a  gentle  close. 
"  He  had  suffered  some  inconvenience  through  the  summer ; 
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"  but  was  not  seriously  indisposed  till  within  a  few  weeks  from 
"  his  death.  He  then  became  perfectly  aware  of  the  event 
"  which  was  approaching ;  and,  with  his  usual  tranquillity  and 
"  benevolence  of  nature,  seemed  only  anxious  to  point  out  to 
"  the  friends  around  him,  the  many  sources  of  consolation 
"  which  were  afforded  by  the  circumstance  under  which  it 
"  was  about  to  take  place.  He  expressed  his  sincere  gratitude 
"  to  Providence  for  the  length  of  days  with  which  he  had  been 
"  blessed,  and  his  exemption  from  most  of  the  infirmities  of 
"  age ;  as  well  as  for  the  calm  and  cheerful  evening  of  life  that 
"  he  had  been  permitted  to  enjoy,  after  the  honoiu'able  labours 
"  of  the  day  had  been  concluded.  And  thus,  full  of  years  and 
"  honoiu^,  in  all  calmness  and  tranquillity,  he  yielded  up  his 
"  soul,  without  pang  or  struggle, — and  passed  from  the  bosom 
"  of  his  family  to  that  of  his  God. 

"  He  was  twice  married,  but  has  left  no  issue  but  one  son, 
"  long  associated  with  him  in  his  business  and  studies,  and  two 
"  grandchildren  by  a  daughter  who  predeceased  him.  He  was 
"  a  Fellow  of  the  Boyal  Societies  both  of  London  and  Edin- 
"  burgh,  and  one  of  the  few  Englishmen  who  were  elected 
"  members  of  the  National  Institute  of  France.  All  men  of 
"  learning  and  science  were  his  cordial  friends  ;  and  such  was 
"  the  influence  of  his  mild  character  and  perfect  fairness  and 
"  liberality,  even  upon  the  pretenders  to  these  accomplish- 
"  ments,  that  he  lived  to  disarm  even  envy  itself,  and  died, 
"  we  verily  believe,  without  a  single  enemy." 

Mr.  Watt  became  a  Follow  of  the  Eoyal  Society  of  Edin- 
burgh in  1784 ;  of  the  Eoyal  Society  of  London  in  1785  ;  a 
Member  of  the  Batavian  Society  in  1787;  and  a  Corre- 
spondent of  the  Institute  of  France  in  1808.  By  a  sponta^ 
neons  and  unanimous  vote,  the  Senate  of  the  University  of 
Glasgow  conferred  on  him,  in  1806,  the  honorary  degree  of 
Doctor  of  Laws.  In  1814,  the  Academy  of  Sciences  of  the 
Institute  paid  him  the  highest  honour  which  it  could  bestow ; 
it  nominated  him  one  of  its  Eight  Foreign  Associates. 
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It  may  be  proper  to  append  to  this  biography  some  account 
of  the  principal  portraits,  statues,  and  busts  of  Mr.  Watt. 
And  first,  of  the  portraits.     They  are ; — 

1.  A  half-length  by  Sir  WiUiam  Beechey,  painted  in  1801, 
and  exhibited  at  the  Eoyal  Academy  in  1802.  "  I  this  day," 
says  Telford,  (3rd  May,  1802),  "  paid  my  respects  to  you  in 
"  the  Exhibition  room.  I  think  Beechey  has  succeeded 
"  admirably  well."  ♦  In  1809  Mr.  Watt  wrote  to  one  of  his 
friends,  "  There  is  no  good  portrait  of  me  except  that  painted 
'*  by  Sir  William  Beechey,  still  in  his  possession,  and  a  copy 
"  of  it  by  himself  in  Mr.  TuflFen's  collection,  which  is  more 
"  like  than  the  original,  I  having  sate  again  for  it.  Neither 
"  of  them,"  he  adds,  "  is  esteemed  very  like  by  my  son  and 
"  others."  t  On  this  point  his  son  afterwards  rather  changed 
his  opinion ;  and,  indeed,  came  to  prefer  the  portrait  in  ques- 
tion to  any  of  the  other  paintings  of  his  father.  It  may  be 
remembered  by  many  of  his  friends  as  having  formerly  himg 
in  the  dining-room  at  Aston  Hall,  and  is  now  at  Doldowlod, 
Eadnorshire.    It  has  been  tmce  engraved. 

The  copy  which  belonged  to  Mr.  Tuflfen  was,  we  have  ascer- 
tained, not  included  among  the  pictures  belonging  to  that 
gentleman  which  were  sold  by  auction  at  Christie's  in  1818 ; 
and  we  believe  it  to  be  the  same  that  was  in  the  possession  of 
the  late  Charles  Hampden  Turner,  Esq.,  of  Book's  Nest,  in 
Surrey,  to  whom  it  was  presented  by  the  late  Mr.  Watt. 

2.  A  miniature  enamel  by  Bone,  taken  from  Sir  W. 
Beechey's  portrait  in  1805,  and  executed  with  aU  the  usual 
fidelity  and  success  of  the  artist,  so  eminent  in  a  line  in  which 
few  have  been  able  to  attain  excellence.  Size  8x6^  inches. 
At  Doldowlod. 

3.  A  three-quarter,  or  head  size,  in  crayons,  or  pastel,  by 
Longcastre,  an  emigrant  officer  of  the  Guards  of  Louis  XYL, 
who  was  introduced  to  Mr.  Boulton  in  1805  by  their  mutual 
friend  the  Abbe  de  Calonne.     Of  this,  which  is  a  striking 


♦  Mr.  Telford  to  Mr.  Watt.  3  May.  1802. 

t  Mr.  Watt  to  Dr.  Patrick  Wilson,  22  May.  1809. 

2   M  2 
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portrait  and  exact  likeness,  there  is  a  duplicate  by  the  same 
artist  One  of  the  pair  was  presented  by  Mr.  Watt  to  his 
cousin  Mr.  Bobert  Muirheid,  and  was  lately  preserved  at  Ash- 
craig,  in  Ayrshire ;  the  other,  which  was  executed  for  Mr. 
Boulton,  and  long  hung  in  his  house  at  Soho,  is  now  at  Haseley 
Court,  Oxfordshire. 

4.  A  three-quarter,  or  head  size,  by  Partridge,  painted  (in 
oils)  from  Sir  W.  Beechey's  portrait,  and  also  from  additional 
sittings.  This  good  and  pleasing  likeness  was  presented  by 
the  late  Mr.  James  Watt,  junior,  to  Mr.  Barr,  the  respected 
medical  attendant  of  his  father  in  his  last  illness.  By  him  it 
was  bequeathed  to  the  late  Dr.  John  Smith,  of  Crutherland, 
in  Lanarkshire ;  on  whose  death  it  was  sold  by  auction,  and 
purchased  by  the  Rev.  Dr.  Fleming,  of  Glasgow  College ;  who 
again  transferred  it  to  Mr.  Eobert  Napier,  the  eminent  engi- 
neer.    In  his  possession,  we  believe,  it  now  remains. 

5.  A  "  bishop's  half-length,"  by  Sir  Thomas  Lawrence,  ex- 
liibited  at  the  Royal  Academy  in  1813.  This  noble  work  of 
art,  although  for  some  reason  or  other  it  seems  not  to  have 
found  due  favour  in  the  sight  of  either  Mr.  Watt  or  his  son, 
stands,  in  our  opinion,  unrivalled  among  all  the  portraits  of 
Watt  It  was  so  great  a  favourite  with  the  artist  who  had 
painted  it,  that  after  retiiining  it  for  years  in  his  studio,  he  at 
last  did  not  part  from  it  without  much  reluctance.  He  con- 
sidered the  head  the  finest  he  had  ever  painted:  the  ease  of  the 
attitude,  and  the  drawing  and  flesh-tints  of  the  hands,  are  also 
wonderfully  beautiful  and  true  to  nature.  The  j)osture  is  sit- 
ting ;  the  head  slightly  bowed  with  age ;  the  eyes  are  looking 
full  at  the  spectator ;  the  hair  is  silver-white, — (Mr.  Watt 
was  then  in  his  seventy-eighth  year)  ; — the  expression  of  the 
countenance  is  animated,  yet  calm,  mild,  and  thoughtful. 
This  portrait  was  bequeathed  by  the  late  Mr.  Watt,  of  Aston 
Hall,  to  his  god-son  Matthew  Piers  Watt  Boulton,  "  to  be  by 
"  him  preserved  in  his  Gothic  Library,  at  Tew  Park,  along 
"  with  the  portraits  of  his  late  grandfather  and  father,  and  to 
"  accompany  those  portraits  as  heir-looms  in  his  family."  It 
has  been  engraved  in  mezzotint  by  the  late  Mr.  Charles 
Turner,  but  impressions  of  the  plate  are  rara 
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6.  A  three-quarter,  or  head  size,  by  Sir  Henry  Eaebum. 
Neither  Mr.  Watt,  nor  his  son,  having  felt  perfectly  satisfied 
>\ith  any  of  the  portraits  previously  painted  of  him,  he  sat  for 
this  when  in  Edinburgh  in  November,  1815,  being  then 
seventy-nine  years  of  age.  "  Eaebum,"  he  says,  "  has 
"  painted  a  head  of  me,  which,  though  it  does  not  come  up  to 
"  my  ideas  of  my  own  face,  is  more  conformable  to  them  than 
"  any  of  the  others,  and  by  my  friends  is  said  to  be  a  good 
**  likeness."  And  again,  "  My  Edinburgh  picture  is  come 
"  home,  and  is  thought  like,  only  it  frowns  too  much."  This 
portrait,  of  which  a  copy  was  made  by  the  artist,  with  Mr. 
Watt's  full  approval,  for  his  friend  the  late  Mr.  Rennie,  is 
now  at  Heathfield,  and  is  a  finely  coloured  and  forcible  pic- 
ture.* 

7.  A  three-quarter,  or  head  size,  by  Mr.  J.  Graham  Gilbert. 
"  Taken,"  says  the  artist,  "  from  Chantrey's  bust  and  Sir 
"  Thomas  Lawrence's  portrait."  Mr.  Gilbert  presented  this 
work  to  the  Hunterian  Museum  in  the  University  of  Glasgow, 
where  it  now  hangs ;  and  he  has  furnished  us  >vith  a  strong 
proof  of  his  success  in  producing  a  likeness,  in  the  anecdote, 
that  "  when  Mrs.  Watt  saw  the  portrait  in  the  Museum,  she 
"  thought  it  so  like,  that  she  immediately  ordered  one  pre- 
"  cisely  the  same  for  herself ;  which  was  lately  at  her  place 
"  [Heathfield]  near  Birmingham." 

In  1809,  Jlr.  John  Henning  of  EdinbTU'gh  made  a  large 
chalk  drawing  of  Mr.  Watt,  (a  head),  for  the  late  Lord  JeflRrey, 


♦  The  finest  works  of  Raebum 
need  not  fear  comparison  with  tlioso 
of  any  artist  of  modem  times,  and  do 
Uio  highest  honour  to  that  country 
which  produced  a  Jameson,  "  the  first 
••  true  portrait-painter  of  the  isle." 
"  Raebum,"  says  the  biographer  of 
Wilkie,  "even  while  Wilfie  studied 
•*  in  Edinburgh,  stood  at  the  head  of 
"  his  art  in  the  North,  undisturbed 
••  by  a  rival.  His  style  was  maiJy 
*•  and  vigorous  ;  he  entcrtrd  little  into 
•*  the  detail  of  the  face,  but  called  the 
•*  mind  into  the  countenance,  and 
"  fixed  it  there  with  a  happiness  of 
"  expression  in  which  he  found  few 
**  who  shared.    I{e  lived  in  affluence 


**  and  hospitality,  visited  and  dined 
*'  among  the  first-bom  of  the  land, 
"  and  had  a  residence  and  a  nailery 
"  of  a  splendour  new  to  Scottish  art." 
(Life  of  Sir  David  Wilkie,  by  Allan 
Cunningham,  vol.  i.  p.  5G.)  "There 
'*  is  much  resemblance,"  said  Wilkie 
himself,  "between  Velazquez  and  the 
"  works  of  some  of  the  chiefs  of  the 
"  English  school ;  but,  of  all,  Rae- 
"  bum  resembles  him  most, —of  whose 
"  square  touch  in  heads,  hands,  and 
"  accessories,  I  see  the  very  counter- 
"  part  in  the  Spaniard."  (Ibidem, 
vol.  ii.  p.  504.  See  also  Sir  Edmund 
Head's  *  Handbook  of  Painting  of  the 
*  Spanish  Sohools,*  p.  155,  ed.  1854.) 
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as  well  as  a  small  copy  of  it  for  another  gentleman ;  also  two 
or  three  enamel  casts  on  an  enamel  ground,  made  in  a  furnace, 
and  intended,  we  presume,  to  emulate  the  excellent  works  of 
Tassie  in  that  style.  The  smaller  drawing  we  have  never 
seen ;  of  the  larger  one,  which  is  still  preserved  in  Edinburgh, 
and  of  which  some  of  the  features  possess  considerable  likeness 
to  those  of  Mr.  Watt,  the  general  effect  is,  nevertheless,  heavy, 
and  not  very  pleasing.  The  same  may,  we  believe,  be  said 
of  the  enamel  casts. 

In  1818,  J.  Jackson,  the  Boyal  Academician,  made  a  draw- 
ing of  Mr.  Watt  from  sittings,  and  also  one  from  Chantrey*B 
bust ;  the  former  was  thought  creditable  to  him  as  an  Exhibi- 
tion drawing.  It  is  a  sketch  in  pencil,  on  drawing  paper,  front 
view,  with  the  face  carefiiUy  finished  in  water-colour ;  size, 
8 J  X  &J  inches.  As  was  to  be  expected  from  the  well-known 
powers  of  the  artist,  it  is  a  clever  and  forcible  drawing ;  but 
the  expression  is,  as  Mr.  Watt  observed,  rather  "  peevish," 
and,  therefore,  unpleasant.     It  is  now  at  Doldowlod. 

The  most  pleasing  pencil  drawing  of  Mr.  Watt,  which  at 
the  same  time  possesses  the  greatest  resemblance,  is,  singu- 
larly enough,  one  that  was  made  not  from  the  life,  but  fit)m 
Chantrey's  bust,  by  an  artist,  Mr.  Edward  Finden,  who,  (so  far 
as  we  know),  never  saw  Mr.  Watt  This  spirited  sketch  was 
engraved  by  Mr.  Finden  with  equal  success,  and  forms  the 
frontispiece  to  the  present  voluma  It  has  already  appeared 
with  the  Translation  of  M.  Arago's  '  Eloge,*  in  1839,  as  well 
as  with  the  *  Correspondence  on  the  Discovery  of  the  Compo- 

*  sition  of  Water,'  in  1846 ;  and  with  the  ^  Origin  and  Progress 

*  of  the  Mechanical  Inventions  of  James  Watt,'  in  1854 ; 
being,  of  all  the  engravings  of  his  father,  that  by  which  the 
late  Mr.  Watt  wished  that  his  image  should  be  conveyed  to 
posterity : — ^a  reason  which  the  author  trusts  will  be  accepted 
as  a  sufficient  apology  for  the  somewhat  unusual  repetition  of 
the  same  engraving  in  four  successive  works.  The  original 
drawing  is  preserved  at  Doldowlod. 

The  full-length  statues  of  Watt,  by  Chantrey,  are  five  in 
number.    Two  of  them  are  of  colossal  size :  the  one,  of  marble, 
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in  Westminster  Abbey;  the  other,  of  bronze,  in  George's 
Square,  Glasgow.  The  other  three,  those,  viz.  in  Handsworth 
Church,  Glasgow  College,  and  Greenock  Library,  are  all  of 
m€u*ble,  and  of  the  size  of  life.  In  all,  the  well-known  atti- 
tude, (a  sitting  one),  the  arrangement  of  the  drapery,  and  the 
contemplative  expression,  are  nearly  alike ;  and  they  all  are 
eminent  examples  of  that  truthful  style  of  portrait-sculpture 
for  which  the  master  who  modelled  them  was  so  remarkably 
distinguished.  But  in  point  of  success  in  conveying  the  expres- 
sion of  gracious  ease,  and  of  the  mild  yet  thoughtful  repose  of 
a  deeply-fathoming  intellect,  the  preference  must,  it  is  usually 
confessed,  be  given  to  those  which  are  not  colossal.  Of  those 
three,  that  in  Handsworth  Church  appears  to  us  to  impress 
the  spectator  most  strongly  with  the  blended  majesty  and 
sweetness  which  breathed  in  the  features  of  the  original. 
Independent  of  its  own  exquisite  grace  as  a  work  of  art,  it  is 
also  seen  to  the  greatest  advantage,  in  a  chapel  built  expressly 
for  its  reception  and  preservation,  in  which  the  details  of  space, 
elevation,  and  light  were  all  carefully  adapted  to  the  designs 
and  wishes  of  the  sculptor.  And  it  adds  in  no  small  degree 
to  the  feeling  of  solemn  interest  of  wliieh  all  are  conscious  in 
beholding  so  noble  a  monument,  to  learn  that  in  the  vault  be- 
neath repose  the  remains  of  him  who,  while  he  lived  among 
us,  "  Sic  sedebat." 

Of  the  beautiful  marble  busts  of  Mr.  Watt  by  Chantrey, 
the  first  of  which  was  exliibited  at  the  Royal  Academy  in 
1815,  and  in  finishing  which  the  sculptor  said,  "  I  have  done 
"  the  best  in  my  power,"  we  have  seen  seven ;  besides  three 
others,  scarcely  inferior,  completed,  after  the  death  of  Sir 
Francis,  but  from  his  model,  and  with  the  consent  of  his  exe- 
cutors, by  his  very  able  assistant  Mr.  Hefieman. 

From  a  mould  which  Chantrey  made  of  the  bust,  he  took 
several  good  casts,  which  were  chiefly  distributed  by  Mr.  Watt 
and  his  son  among  their  personal  friends.  But,  as  in  the  case 
of  Sir  Francis's  equally  fine  model  of  the  head  of  Sir  Walter 
Scott,  "  the  bust  was  pirated  by  Italians ;  and  England  and 
"  Scotland,  and  even  the  Colonies,  were  supplied  with  unper- 
"  mitted  and  bad  casts,  to  the  extent  of  thousands, — ^in  spite 
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"  of  the  terror  of  an  Act  of  Parliament."*  On  receiving  one 
of  the  genuine  casts,  fresh  from  the  atelier  of  Sir  Francis, 
Sir  Walter  Scott  wrote  to  Allan  Cunningham, — "  I  have  to 
"  thank  you  for  sending  me  in  safety  a  beautiful  specimen  of 
"  our  English  Michael's  talents,  in  the  cast  of  my  venerable 
"  friend  Mr.  Watt :  it  is  a  most  striking  resemblance,  with  all 
"  that  living  character  which  we  are  apt  to  think  life  itself 
"  alone  can  exliibit."  t 

When  the  Art-Union  employed  the  late  Mr.  Wyon  to 
execute  a  medal  in  honour  of  the  memory  of  Sir  Francis 
Chantrey,  the  design  adopted, — a  simple  and  expressive 
one, — was,  for  the  obverse,  a  head  of  the  sculptor,  with  the 
legend — 

"  Chantrey  Sculptor  et  Artium  Fautor  : " — J 

for  the  reverse,  a  copy  of  his  greatest  work.  Tlie  work 
selected  was  the  monument  to  James  Watt ; — with  tlie  in- 
scription— 

"  Watt 
"  Francisci  Chantrey  Opus." 

The  medal  was  finished  by  Wyon  with  all  the  force  and 
facile  elegance  of  his  admirable  style,  and  thus  forms  a  grace- 
ful memorial  of  those  whose  names  it  bears. 

We  must  not  conclude  tliis  notice  without  referring  to  some 
of  the  most  exquisite  of  all  the  likenesses  of  Mr.  W^att,  viz. 
the  reduced  copies  of  Chantrey's  bust  which  Mr.  Cheverton 
has,  with  great  ingenuity,  executed  in  ivory.  They  possess 
the  most  perfect  and  truthful  adherence  to  their  original,  as 
well  as  the  most  finished  execution,  that  it  seems  possible  to 
desire ;  and  it  gives  an  additional  interest  to  those  beautiful 
morgeaux,  that  they  are  produced  by  a  process  similar  to  that 
which  Mr.  Watt  himself  invented.  §     Indeed,  Mr.  Watt,  in 


♦  Sir  F.  Chantrey  to  Sir  R.  Peel,  {  See  the  obverse  of  this  modal 

26tli  January,  1838.  Lockhart's  ' Life  engraved  at  p.  Ix.  of  'Winged  Worda 

•  of  Scott,*  cliap.  Ixxxiv.  p.  763,  od.  •  on  Chantrey 'b  Woodcocks,'  1857. 

1842.  §  See  above,  pp.  468-480.  on  the 

t  'Life  of  Scott,' chap.  1.  p.  440,  ed.  Machine  for  liedacing  and  Copying 

1842.  Sculpture. 
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sending  to  his  learned  friend  the  late  Mr.  Thomas  Thomson 
of  Edinburgh,  what  he  calls  a  specimen  of  his  attempts  at 
carving, — "  a  wooden  John  Locke,  mthmit  Buman  Under- 
"  standing,  valuable  only  as  a  faithful  copy  of  an  ivory  medal- 
"  lion  done  from  the  life," — says,  "if  I  live,  I  still  hope  to  be 
"  able  to  produce  a  reduced  copy  of  Chantrey's  busl.  of  myself, 
"  fit  for  a  chimney-piece ; "  adding,  with  a  very  sincere,  but  a 
very  unnecessary  scruple  of  Ids  usual  modesty, — "  as  I  do  not 
"  think  myself  of  imi)ortanco  enough  to  fill  up  so  much  of  my 
"  friends'  houses  as  the  original  bust  does."  * 


♦  Mr.  Watt  to  Mr.  Thomaa  Thomson,  26th  May,  1818. 
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LIST  OF  THE   WORKS   OP   DENYS   PAPIN. 


1 .  Separate  Substantive  PvJtiUoations, 

1.  NotrvELLES  experiences  du  vuide,  avec  la  description  des  ma- 
chines qui  servent  k  les  faire.  4to.  Paris,  1674.  (Dedicated 
*•  k  Monsieur  Hugens  de  Zulichem.") 

2.  A  new  Digester,  or  Engine  for  softening  bones ;  containing 
the  description  of  its  make  and  use  in  these  particulars : — 'viz. 
Cookery,  Voyages  at  sea,  Confectionary,  Making  of  Drinks,  Chy- 
mistry,  and  Dying.  With  an  account  of  the  Price  a  good  big 
Engine  will  cost,  and  of  the  Profit  it  will  afford.  By  Denys 
Papin,  M.D.,  Fellow  of  the  Royal  Society.  London,  Printed  for 
Henry  Bonwicke,  at  the  Bed  Lyon,  in  St.  Paul's  Churchyard. 
1681.  4to. — (First  edition  of  the  curious  work  in  question,  and 
printed  in  consequence  of  an  order  of  the  council  of  the  Boyal 
Society,  dated  8th  December,  1680,  and  signed  Chr.  Wren.) 

3.  La  mani^  d'amoUir  les  os,  et  de  faire  cuir  toutes  sortes  de 
viandes  en  peu  de  temps  et  k  peu  de  frais,  avec  une  description 
de  la  machine  dont  il  £9iut  se  servir  k  cet  effet  Paris,  1682. 
12mo. — (Erroneously  stated  by  Ducoux  to  have  been  the  first 
edition.  A  still  later  edition,  also  in  French,  was  published  at 
Amsterdam,  in  1688,  in  12mo.) 

4.  A  Continuation  of  the  New  Digester  of  Bones,  &c. ;  sive 
continuatio  novi  Digestoris  ossium  autore  Dionys.  Papino,  M.D., 
et  Societatis  Begise  Socio.  Londini,  apud  Joseph  Streater.  1687. 
in  4to. 

5.  Recueil  de  diverses  pieces  touchant  quelques  nouvelles  ma- 
chines.    Cassol,  1695.     12mo. 

6.  Fasciculus  dissertationum  de  novis  quibusdam  machinis 
atque  aliis  argumentis  philosoph.     Marbui^^i  Cottorum,  1695. 
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Small  8vo.  Plates. — (A  Translation  of  the  •  Becneil  ;*  see 
Brunet,  Manuel  des  Libraires,  1843,  v.  Papin.  M.  Bmnet,  how- 
ever, states  that  both  the  *  Recneil '  and  the  *  Fascictdns'  include 
the  Treatise  on  *  La  Mani^re  d'amollir  les  Os ;'  firom  which  w^e 
are  led  to  imagine  that  this  author,  usually  so  accurate,  has  never 
had  the  advantage  of  seeing  a  copy  of  either  the  French  or  the 
Latin  collection  in  question.  We  must  confess  ourselves  to  be 
similarly  situated  in  regard  to  both  of  those  rare,  if  not  unique, 
works;  the  only  information  we  possess  as  to  their  contents 
having  been  derived  from  the  analyses  of  them  given  in  the 
*  Philosophical  Transactions'  and  the  *  Acta  Eruditorum.*  See 
above,  pp.  133-139.) 

7.  Nouvelle  mani^re  pour  Clever  Teau  par  la  force  du  Feu, 
mise  en  lumi^re.     Cassel,  1707.     Small  Svo. 

8.  Ars  nova  ad  aquam  ignis  adminiculo  efficacissim^  elovan- 
dam.     Franc.  1707.     8vo. 


2.  Papers  hy  Papin,  contained  in  the  *  Philosophical  Transactions.' 

1 .  Some  experiments  made  in  the  Air-piunp  by  Monsieur  Papin» 
directed  by  Monsieur  Hugcns,  (as  appears  in  the  Discourse  printed 

at  Paris,  1674).  Phil.  TVaiw.,  vol.  i.,  for  the  year  1675,  p.  443-447. 

2.  A  particular  account,  given  by  an  anonymous  French  author, 
in  his  book  of  the  Origin  of  Fountains,  printed  1674,  at  Paris,  to 
show  that  the  rain  and  snow  waters  are  sufficient  to  make  Foun- 
tains and  Rivers  run  perpetually.  ibid.  p.  447-450. 

3.  Some  experiments  made  in  the  Air-pump  upon  Plants  ;  to- 
gether with  a  way  of  taking  exhausted  lieceivers  away  irom  off 
the  said  Engin :  Tryed  by  the  same  Persons  mention'd  in  Numb. 
119,  viz.  Monsieiu-  Hugens  and  M.  Papin.  iind,  p.  477-481. 

4.  A  continuation  of  the  experiments  made  by  Monsieur 
Ilugons,  and  M.  Papin,  in  the  Air-Pump ;  which  are  about  the 
preservation  of  bodies.  Ibid,  p.  492-495. 

5.  Some  experiments  touching  animals,  made  in  the  Air-pump 
by  the  persons  formerly  mentioned,  viz.  IVIonsieur  Hugens  and 
M.  Papin.  ibid,  p.  542-543. 

6.  Promiscuous  experiments  made  in  the  Air-pump  likewise, 
by  the  same  persons.  /6u/.  p.  544-548. 

.    7.  The  description  of  a  Siphon,  performing  the  same  things 
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with  the  Sipho  Wurtemhurgicus ;  invented  by  Dr.  Papin,  Fellow 

of  the  Eoyal  Society.  Phil.  Trans,  vol.  xv.,/or  1685,  p.  847-848. 

8.  A  new  way  of  raising  water ;  by  Dr.  Papin,  Fellow  of  the 
Royal  Society.  md,  p.  1093-1094. 

9.  Observations  of  Dr.  Papin,  Fellow  of  the  Eoyal  Society,  on 
a  French  paper  concerning  a  Perpetual  Motion. 

Ibid,  p.  1240-1241. 

10.  A  full  description,  with  the  use,  of  the  new  contrivance  for 
raising  water,  propounded  in  the  Phil.  Trans.,  No.  173;  by  Dr. 
Papin,  Fellow  of  the  R.  S.  ibid.  p.  1274-1278. 

11.  An  account  of  an  experiment,  shown  before  the  Royal 
Society,  of  shooting  by  the  rarefaction  of  the  air.     By  Dr.  D. 

Papin,  R.S.S.  Ibid,  vol.  xvi./or  1686  and  1687,  p.  21-22. 

12.  Some  further  remarks  on  the  instrument  proposed  by  an 
anonymous  French  author,  for  effecting  a  perpetual  motion,  an 
account  whereof  is  given  in  No.  177  of  these  Transactions,  by 
Dr.  Papin,  M.D.,  R.S.S.  ibid.  p.  138-139. 

13.  A  Demonstration  of  the  Velocity  wherewith  the  Air  rushes 
into  an  exhausted  receiver,  lately  produced  before  the  R.  Society, 
l)y  Dr.  D.  Papin,  Hog.  Soc.  S.  ibid.  p.  193-195. 

14.  The  answer  of  Dr.  Papin  to  several  objections  made  by 
Mr.  Nuis  against  his  engine  for  raising  water  by  the  rarefaction 
of  the  air,  whereof  a  description  is  given  in  No.  178  of  these 
Transactions.  ibid.  p.  263-267. 

15.  An  answer  of  the  same  to  the  author  of  the  perpetual 

motion.  ibid.  p.  267-268. 

16.  Account  of  a  Book.  A  continuation  of  the  now  Digester 
of  bones :  It's  improvements  and  new  uses  it  hath  been  applyed 
to,  both  at  Sea  and  Land.  Together  with  some  improvements 
and  new  uses  of  the  Ayre  Pump,  tryed  both  in  England  and  Italy. 
By  D.  Papin,  M.D.,  Fellow  of  the  Royal  Society. 

Ibid.  p.  329-332. 

17.  [Account  of  a  Book.]  Recueil  de  diverses  Pieces 
touchant  quelques  nouvellos  Machines,  &c.  Par  Mr.  D.  Papin, 
Dr.  en  Med.,  <fec.     A  Cassel,  1695.     In  8vo. 

Ibid,  vol.  xix.,/or  1697,  p.  483. 

18.  Part  of  a  letter  from  Mr.  D.  Papin  to  Dr.  Frederick  Slare, 
Fellow  of  the  College  of  Physicians  and  of  the  Royal  Society, 
concerning  an  improvement  of  the  Hessian  bellows,  &c. 

Ibid,  vol.  xxiv.,/or  1705,  p.  1990-1992. 
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In  the  third  and  fourth  volumes  of  Birch's  *  History  of  the  Bojal 
*■  Society'*  there  are  recorded  many  experiments  and  observations 
communicated  by  Papin,  as  well  as  some  details  of  the  peouniaiy 
aid,  "  convenient  lodging  in  Gresham  College,"  and  farther  en- 
couragement, which  he  received  from  the  Society.  From  one  of 
the  earliest  of  those  entries,  (voL  iii.  p.  486),  it  appears  that  on 
the  22nd  of  May,  1679,  Papin  was  introduced  by  Mr.  Hooke ; 
and  from  one  of  the  last  of  ihem,  (vol.  iv.  p.  557),  that  **  It  was 
"  ordered  that  Dr.  Papin  have  a  present  of  four  copies  of  the 
"  History  of  Fishes,  and  a  letter  testimonial,  under  the  seal  of  the 
**  Society,  of  the  good  services  rendered  them  by  him." 

To  one  of  Hooke's  works,  also,  viz.  his  *  Lectures  de  Potenti& 

*  Bestitutiv^,  or  of  Spring,'  published  in  1678,  there  is  appended, 
among  other  *  Collections,'  '  Dr.  Papin's  Letter,  containing  a 
'  Description  of  a  Wind-Fountain,  and  his  own  particular  con- 

*  trivance  about  the  forcer  of  its  Syringe.' 


3.  Papers  by  Papin,  contained  in  the  ^Acta  Eruditorum  L^ce.* 

1.  [Account  of  the]  *  New  Digester  or  Engine  for  softening 
*  bones,'  &c.,  as  published  in  England  in  1681.     4to. 

Act.  Erud,  for  1682,  p.  105. 

2.  [Account  of]  '  La  mani^re  d*amolir  les  os,'  &c.  Paris,  1682. 
12mo.     Translated  from  the  English.  ibid.  p.  305. 

3.  D.  Papini  Experimcntum  Societati  Eegias  Anglicanss  exhi- 
bitum,  concemens  jaculationem  median te  aeris  rare&ctione  effi* 
ciendam.     Ex  Transact.  Philos.  M.  Jan.  et  Febr.  1686,  n.  179, 

p.  21 .  Act.  Ervd.for  1686,  p.  500-501. 

4.  D.  Papini,  e  Societate  Hegia  Anglicana,  inventa  nova  Hydra- 
gogica.  Ex  Transact.  Philos.  Anglic.  Mens.  Decemb.  1685,  p. 
1254  et  1274,  seqq.  Ihid.  p.  545-551. 

6.  A  Continuation  of  the  New  Digester  of  Bones,  Ac.,  sive 
Continuatio  novi  Digestoris  Ossium,  autore  Dionys.  Papino,  M.D. 
et  Societatis  Hegiae  Socio :— necnon  Augmenta  qucedam  et  Expe- 


♦  *  The  History  of  the  Royal  Society  *  are  inserted  in  their  proper  order,  as  a 

<  of  London    for  improving  .  of  Natural  *  Supplement  to  the  Philosophical  Tnma- 

*  Knowledge,   from    its    firet    rise.      In  '  actions.    By  Thomas  Birch,  D.D.,  Secre- 

*  which  the  most  considerable  of  those  '  tary  to  the   Royal  Society.'      London, 
'papers    communicated    to   the  Society,  1757,  4  vols.  4to. 

*  which  have  hitherto  not  been  pubUshed, 
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rimenta  nova  circa  Antliam  Pnenmaticam,  facta  partim  in  Anglia, 
partim  in  Italia,  communicata  a  Dionys.  Papino,  Med.  D.  et  Soo. 
Reg.  Angl.  Socio.     Londini,  apud  Joseph  Streater,  1687,  in  4to. 

Act,  Ervd.for  1687,  pp.  276-284,  and  325-335. 

6.  Demonstratio  velocitatis  qua  cnm  aer  imiit  intra  exlianstum 
recipienB.  nid,  1688,  p.  156-158. 

7.  Dionysii  Papini,  Mathematmn  in  Academia  Marpnrgensi  hoc 
tempore  Professoris,  Meletemata  ad  geminam  Appendicem  de 
Perpetuo  Mobili  Actis  Eruditorum  Lipsiensibas  A.  1687,  M.  Jun. 
pag.  315  seqq.  insertam.  ihid,  p.  335-339. 

8.  Excerpta  ex  viri  clarissimi,  Dionjsii  Papini,  Mathematom 
in  Academia  Marpurgensi  Professoris  publici,  litteris  ad  ...  . 
de  Novo  Pnlveris  Pyrii  nsu.  ihid.  p.  497-501. 

9.  Additamentum  ad  Disquisitionem  Dn.  Papini  de  novo  pyrii 
pnlveris  usn,  mense  proximo  Septembri  in  Actis  bisce  pag.  497, 
exbibitam :  De  nsn  tubomm  pr«egrandium  ad  propagandam  in 
longinqmim  vim  motricem  fluviorum,  <fec.  Communicatnm  a 
laudato  Dn.  Papino.  Ihid,  p.  643-646. 

10.  Dionysii  Papini  Descriptio  Torcularis,  cujus  in  Actis  Anni 
1688,  pag.  646,  mentio  facta  fuit:  Excerpta  ex  ejusdem  litteris 
ad     .     .     Marburgi  d.  23  Doc.  A.  1 688,  exaratis. 

Ibid,  1689,  p.  96-101. 

11.  D.  Papini  De  gravitatis  causa  et  proprietatibus  observa- 

tiones.  Ihid.  p.  183-188. 

12.  Ejusdem  Examen  machinee  Domini  Perrault. 

Ihid,  p.  189-195. 

13.  Dion.  Papini  Rotatilis  Suctor  et  pressor  Hassiacus,  in  Se- 
renissima  aula  Cassellana  demonstratus  et  detectus. 

Ihid,  p.  317-322. 

14.  In  J.  B.  Appendicem  illam  ad  Perpetuum  Mobile,  Actis 
Novemb.  A.  1688,  pag.  692  sqq.  insertam,  Observationes  D.  P. 

Ibid,  p.  322-324. 

15.  Excerpta  ex  litteris  Dn.  Dion.  Papini  ad  ...  do 
Instrumentis  ad  flammam  sub  aqua  conservandam. 

Ibid,  p.  485-489. 

16.  Examen  Siphonis  Wurtemburgici  in  vertice  effluentis. 
Excerpta  ex  Litteris  Dn.  Dion.  Papin.  ad     ...    . 

Ibid,  1690,  p.  223-228. 
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17.  bion.  Papini  Nova  Methodus  ad  vires  motrices  validissiinas 
levi  pretio  comparandas.  Act,  Erud.for  1690,  p.  410-414. 

18.  Mechaniconim  de  viribiis  motricibus  sententia,  asserta  a 
Dn.  Papino  adversus  CI.  G.  G.  L.  objectiones. 

Ibid.  1691.  p.  6-13. 

19.  Dion.  Papini  observationes  quaedam  circa  materias  ad  Hy- 
dranlicam  epectantes,  Mensi  Februario  hujus  anni  insertas. 

Ibid.  p.  208-213. 

20.  [Account  of]  Fasciculus  Dissertationum  de  novis  quibusdam 
macbinis  atque  aliis  argumentis  pbilosophicis.  Autore  Dionysio 
Papino,  Med.  Doct.  Matbeseos  Prof.  Publ.  Marpurgensi.  Mar- 
purgi,  1695,  in  8,  plagg.  20,  cum  tribus  plagg.  figurarum. 
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HISTORICAL  NOTE  ON  THE  DISCOVERY  OP  THE  THEORY  OP 
THE  COMPOSITION  OF  WATER.  BY  THE  RIGHT  HON. 
HENRY  LORD  BROUGHAM,  F.R.S.,  AND  MEMBER  OF  THE 
NATIONAL   INSTITUTE   OF   FRANCE, 

There  can  be  no  doubt  whatever,  that  tbe  experiment  of  Mr. 
Warltire,  related  in  Dr.  Priestley's  5th  volume,*  gave  rise  to  this 


♦  Mr.  Warltire's  letter  is  dated  Bir- 
mingham, 18th  April,  1781,  and  was 
published  by  Dr.  Priestley  in  the  Ap- 
pendix to  the  2nd  Vol.  of  his  *  Experi- 

*  ments    and    Obsenrations    relating    to 

*  various  branches  of  Natural  Philosophy ; 

*  with  a  continuation  of  the  Observations 

*  on   Air/  — foiming,   in   fact,   the   5th 
volume  of  his  *  Experiments  and  Obser- 

*  vations    on    difl'erent    kinds    of    Air ;' 
printed  at  Birmingham  in  1781. 

Mr.  Warltire's  first  experiments  were 
made  in  a  oopjier  ball  or  flask,  which  held 
three  wine  piuts,  the  weight  14  oz. ;  and 
his  object  was  to  determine  "  whether  heat 
"  is  heavy  or  not,"  After  stating  his 
mode  of  mixing  the  airs,  and  of  adjusting 
the  balance,  he  sap,  he  *'  always  ao- 
**  curately  balanced  the  flask  of  common 
**  air,  then  found  the  difference  of  weight 
**  afler  the  inflammable  air  was  Intro- 
**  duced,  that  he  might  be  certain  he  had 
**  confined  the  proper  proportion  of  each. 


n 


The  electric  spark  having  passed  through 

them,  the  flask  became  hot,  and  was 
**  cooled  by  exposing  it  to  the  common  air 
"  of  the  room :  it  was  then  bung  up  again 
"  to  the  balance,  and  a  loss  of  weight  was 
*'  always  found,  but  not  constantly  the 
"  same;  upon  an  average  it  was  two 
"  grains." 

He  goes  on  to  say,  "  I  have  fired  air  in 

glass  vessels  since  I  saw  you  (Dr. 
*'  Priestley)  venture  to  do  it,  and  I  have 
"  observed,  as  you  did,  that,  though  the 
"  glass  was  clean  and  dry  before,  yet, 
**  afler  firing  the  air,  it  became  dewy,  and 
*'  was  lined  with  a  sooty  substance. 

As  you  are  upon  a  nice  balancing  of 
claims,  ought  not  Dr.  Priestley  to  have 
the  credit  of  first  noticing  the  dew? 

In  some  remarks  whidi  follow,  by  Dr. 
Priestley,  he  confirms  the  loss  of  weight, 
and  adds,  **  I  do  not  think,  however,  that 
**  so  very  bold  an  opinion  as  that  of  the 

latent  heat  of  bodies  contributing  to 
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inquiry,  at  least  in  England ;  Mr.  Cavendish  expressly  refers  to 
it,  as  having  set  him  upon  making  his  experiments. — (Phil. 
Trans.  1784,  p.  126.)  The  experiment  of  Mr.  Warltire  consisted 
in  firing,  by  electricity,  a  mixture  of  inflammable  and  common 
air  in  a  close  vessel,  and  two  things  were  said  to  be  observed : 
firsts  a  sensible  loss  of  weight ;  second^  a  dewy  deposit  on  the  sides 
of  the  vessel. 

Mr,  Watt,  in  a  note  to  p.  332  of  his  paper,  Phil.  Trans.  1784, 
inadvertently  states,  that  the  dewy  deposit  was  first  observed  by 
Mr.  Cavendish;  but  Mr.  Cavendish  himself,  p.  127,  expressly 
states  Mr.  Warltire  to  have  observed  it,  and  cites  Dr.  Priestley's 
5th  volume. 

Mr.  Cavendish  himself  could  find  no  loss  of  weight,  and  he 
says  that  Dr.  Priestley  had  also  tried  the  experiment,  and  found 
none.  But  Mr.  Cavendish  found  there  was  always  a  dewy  deposit, 
without  any  sooty  matter.  The  result  of  many  trials  was,  that 
common  air  and  inflammable  air  being  burnt  together,  in  the  pro- 
portion of  1000  measures  of  the  former  to  423  of  the  latter,  **  about 
**  one-fifth  of  the  common  air,  and  nearly  all  the  inflammable  air, 
'*  lose  their  elasticity,  and  are  condensed  into  the  dew  which  lines 
*'  the  glass."  He  examined  the  dew,  and  found  it  to  be  pure 
water.  He  therefore  concludes,  that  "  almost  all  the  inflam- 
**  mable  air,  and  about  one-sixth  of  the  common  air,  are  turned 
"  into  pure  water." 

Mr.  Cavendish  then  burned,  in  the  same  way,  dephlogisticated 
and  inflammable  airs,  (oxygen  and  hydrogen  gases),  and  the  de- 
posit was  always  more  or  less  acidulous,  accordingly  as  the  air 
burnt  with  the  inflammable  air  was  more  or  less  phlogisticated. 
The  acid  was  found  to  be  nitrous.  Mr.  Cavendish  states,  that 
'*  almost  the  whole  of  the  inflammable  and  dephlogisticated  air 
"  is  converted  into  pure  toater"  And,  again,  that  **  if  these  airs 
**  could  be  obtained  perfectly  pure,  the  whole  would  be  con- 
<'  densed."  And  he  accounts  for  common  air  and  inflammable 
air,  when  burnt  together,  not  producing  acid,  by  supposing  that 


<i 


thdr  weight,  should  he  received  without 
more  experiments,  and  made  upon  a  still 
larger  scale.  If  it  be  confirmed,  it  will 
**  no  doubt  be  thought  to  be  a  fact  of  a 
**  very  remarkable  nature,  and  will  do  the 
**  greatest  honour  to  the  sagacity  of  Mr. 
"  Warltire.  I  must  add,  that  the  moment 
**  he  saw  the  moisture  on  the  inside  of  the 
**  dose  glass  vessel  in  which  I  afterwards 
**  fired  the  inflammable  air,  he  said,  that 


**  it  confirmed  an  opinion  he  had  long 
**  entertamed,  viz.  that  common  air  de- 
**  posits  its  moisture  when  it  is  phlogisti- 
"  cated." 

It  seems  evident,  that  neither  Mr. 
Warltire,  nor  Dr.  Priestley,  attributed  tha 
dew  to  anything  else  than  a  mechanical 
deposit  of  the  moisture  suspended  in 
common  air.---[NoTE  BY  MB.  James 
Watt,  Jun.] 
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the  heat  produced  is  not  sufficient.     He  then  says  that  these  ex- 
periments, with  the  exception  of  what  relates  to  the  acid,  were 
made  in  the  summer  of  1781,  and  mentioned  to  Dr.  Prieatley ; 
and  adds,  that  *'  a  friend  of  his,  (Mr.  Cavendish's),  last  summer/' 
(that  is,  1783),   **  gave  some  account  of  them  to  Mr.  Lavoisier, 
as  well  as  of  the  conclusion  drawn  from  them,  that  dephlo- 
gisticated  air  is  only  water  deprived  of  its  phlogiston ;  but, 
''  at  that  time,  so  far  was  Mr.  Lavoisier  from  thinking  any  such 
*'  opinion  warranted,  that  till  he  was  prevailed  upon  to  repeat 
**  the  experiment  himself,  he  found  some  difficulty  in  belieying 
'*  that  nearly  the  whole  of  the  two  airs  could  be  converted  into 
•*  water."     The  friend  is  known  to  have  been  Dr.,  afterwards 
Sir  Charles  Blagden ;  and  it  is  a  remarkable  circumstance,  that 
this  passage  of  Mr.  Cavendish's  paper  appears  not  to  have  been 
in  it  when  originally  presented  to  the  Koyal  Society ;  for  the 
paper  is  apparently  in  Mr.  Cavendish's  hand,  and  the  paragraph, 
pp.  134,  135,  is  not  found  in  it,  but  is  added  to  it,  and  directed 
to  be  inserted  in  that  place.     It  is,  moreover,  not  in  Mr.  Caven- 
dish's hand,  but  in  Sir  Charles  Blagden's ;  and,  indeed,  the  latter 
must  have  given  him  the  information  as  to  Mr.  Lavoisier,  with 
whom  it  is  not  said  that  Mr.  Cavendish  had  any  correspondence. 
The  paper  itself  was  read  15th  January,  1784.    The  volume  was 
published  about  six  months  afterwards. 

Mr.  Lavoisier's  memoir,  (in  the  M^m.  de  I'Acad^mie  des  Sci- 
ences for  1781),  had  been  read  partly  in  November  and  Decem- 
ber, 1783,  and  additions  were  afterwards  made  to  it.  It  was 
published  in  1784.  It  contained  Mr.  Lavoisier's  account  of  hia 
experiments  in  June,  1783,  at  which,  he  says.  Sir  Charles  Blagden 
was  present;  and  it  states  that  he  told  Mr.  Lavoisier  of  Mr. 
Cavendish  having  "  already  burnt  inflammable  air  in  close 
**  vessels,  and  obtained  a  very  sensible  quantity  of  water."  But 
he,  Mr.  Lavoisier,  says  nothing  of  Sir  Charles  Blagden  having 
also  mentioned  Mr.  Cavendish's  conclusion  from  the  experiment. 
He  expressly  states,  that  the  weight  of  the  water  was  equal  to 
that  of  the  two  airs  burnt,  unless  the  heat  and  light  which  escape 
are  ponderable,  which  he  holds  them  not  to  be.  His  account, 
therefore,  is  not  reconcilable  with  Sir  Charles  Blagden's,  and  the 
latter  was  most  probably  written  as  a  contradiction  of  it,  after 
Mr.  Cavendish's  paper  had  been  read,  and  when  the  M^moires  of 
the  Academic  were  received  in  this  country.  These  M^moires 
were  published  in  1784,  and  could  not,  certainly,  have  arrived, 
Hirhen  Mr.  Cavendish's  paper  was  written,  nor  when  it  was  read 
to  the  Royal  Society. 
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But  it  is  farther  to  be  remarked,  that  this  passage  of  Mr.  Caven- 
dishes paper  in  Sir  Charles  Blagden's  handwriting,  only  mentions 
the  experiments  having  been  communicated  to  Dr.  Priestlej ; 
"  they  were  made,"  says  the  passage,  *'  in  1781,  and  oommuni* 
"  cated  to  Dr.  Priestley ;"  it  is  not  said  when,  nor  is  it  said  that 
**  the  conclusions  drawn  from  them,"  and  which  Sir  Charles 
Blagden  says  he  communicated  to  Mr.  Lavoisier  in  summer  1783, 
were  ever  communicated  to  Dr.  Priestley ;  and  Dr.  Priestley,  in 
his  paper,  (referred  to  in  Mr.  Cavendish's),  which  was  read  Jtme, 

1783,  and  written  before  April  of  that  year,  says  nothing  of  Mr. 
Cavendish's  theory,  though  he  mentions  his  experiment. 

Several  propositions  then  are  proved  by  this  statement. 
Firsij  That  Mr.  Cavendish,  in  his  paper,  read  15th  January, 

1784,  relates  the  capital  experiment  of  burning  oxygen  and  hydro- 
gen gases  in  a  close  vessel,  and  finding  pure  water  to  be  the  pro- 
duce of  the  combustion. 

Secondly,  That,  in  the  same  paper,  he  drew  from  this  experiment 
the  conclusion,  that  the  two  gases  were  converted  or  turned  into 
water. 

Thirdly  J  That  Sir  Charles  Blagden  inserted  in  the  same  paper, 
with  Mr.  Cavendish's  consent,  a  statement  that  the  experiment 
had  first  been  made  by  Mr.  Cavendish  in  summer  1781,  and  men- 
tioned to  Dr.  Priestley,  though  it  is  not  said  when,  nor  is  it  said 
that  any  conclusion  was  mentioned  to  Dr.  Priestley,  nor  is  it  said 
at  what  time  Mr.  Cavendish  first  drew  that  conclusion.  A  most 
materidl  omission. 

Fourthly  J  That  in  the  addition  made  to  the  paper  by  Sir  Charles 
Blagden,  the  conclusion  of  Mr.  Cavendish  is  stated  to  be,  that 
oxygen  gas  is  water  deprived  of  phlogiston  ;  this  addition  having 
been  made  after  Mr.  Lavoisier's  memoir  arrived  in  England. 

It  may  further  be  observed,  that  in  another  addition  to  the 
paper,  which  is  in  Mr.  Cavendish's  handwriting,  and  which  was 
certainly  made  after  Mr.  Lavoisier's  memoir  had  arrived,  Mr, 
Cavendish  for  the  first  time  distinctly  states,  as  upon  Mr.  La- 
voisier's hypothesis,  that  water  consists  of  hydrogen  united  to 
oxygen  gas.  There  is  no  substantial  difierence,  perhaps,  between 
this  and  the  conclusion  stated  to  have  been  drawn  by  Mr.  Caven- 
dish himself,  that  oxygen  gas  is  water  deprived  of  phlogiston, 
supposing  phlogiston  to  be  synonymous  with  hydrogen ;  but  the 
former  proposition  is  certainly  the  more  distinct  and  unequivocal 
of  the  two ;  and  it  is  to  be  observed  that  Mr.  Cavendish,  in  the 
original  part  of  the  paper,  t.  e.  the  part  read  January,  1784, 
before  the  arrival  of  Lavoisier's,  considers  it  more  just  to  hold 

2  K  2 


548 


LIFE  OF  WATT. 


Atpkndix. 


inflammable  air  to  be  pblogisticated  water  than  pure  phlogiston, 
(p.  140). 

We  are  now  to  see  what  Mr.  Watt  did ;  and  the  dates  here 
become  very  material.     It  appears  that  he  wrote  a  letter  to  I>r. 
Priestley  on  26th  April,  1783,  in  which  he  reasons  on  the  experi* 
ment  of  burning  the  two  gases  in  a  close  vessel,  and  draws  the 
conclusion,  *'  that  water  is  composed  of  dephlogisticated  air  and 
**  phlogiston,  deprived  of  part  of  their  latent  heat."*     The  letter 
was  received  by  Dr.  Priestley  and  delivered  to  Sir  Joseph  Banks 
with  a  request  that  it  might  be  read  to  the  Eoyal  Society ;  but 
Mr.  Watt  afterwards  desired  this  to  be  delayed,  in  order  that  he 
might  examine  some  new  experiments  of  Dr.  Priestley,  so  that  it 
was  not  read  imtil  the  22nd  April,  1784.    In  the  interval  between 
the  delivery  of  this  letter  to  Dr.  Priestley,  and  the  reading  of  it, 
Mr.  Watt  had  addressed  another  letter  to  Mr.  De  Luc,  dated 
26th  November,    1783,|  with  many   further  observations  and 
reasonings,  but  almost  the  whole  of  the  original  letter  is  pre- 
served in  this,  and  is  distinguished  by  inverted  commas.     One 
of  the  passages  thus  marked,  is  that  which  has  the  important 
conclusion  above  mentioned;  and  that  letter  is  stated,  in  the 


♦  It  may  with  ceiiainty  be  concluded 
from  Mr.  VVatt's  private  and  impublished 
letters,  of  which  the  copies  taken  by  his 
copyiDg-machine,  then  recently  invented, 
are  preserved,  that  his  theory  of  the  com- 
position of  water  was  already  foimed  in 
December,  1782,  and  probably  much 
earlier.  Dr.  Priestley,  in  his  paper  of  21st 
April,  1783,  p.  416,  states,  that  Mr. 
Watt,  prior  to  his  (the  Doctor's)  experi- 
ments, had  entertained  the  idea  of  the 
possibility  of  the  conversion  of  water  or 
steam  into  pennanent  air.  And  Mr.  Watt 
himself,  in  his  paper,  Phil.  Trans,  p.  335, 
asserts,  that  for  many  years  he  had  enter- 
tained the  opinion  that  air  was  a  modifi- 
cation of  water,  and  he  enters  at  some 
length  into  the  facts  and  reasoning  upon 
which  that  deduction  was  founded. — 
[Note  by  Mr.  James  Watt,  Jun.] 

t  The  letter  was  addressed  to  Mr. 
J.  A.  De  Luc,  the  well-known  Genevese 
philosopher,  then  a  Fellow  of  the  Royal 
Society,  and  Reader  to  Queen  Charlotte. 
He  was  the  friend  of  Mr.  Watt,  who  did 
not  then  belong  to  the  Society.  Mr.  De 
Luc,  following  the  motions  of  the  Court, 
was  not  always  in  London,  and  seldom 
attended  the  meetings  of  the  Royal  Society. 
He  was  not  present  when  Mr.  Cavendish's 
paper  of  15th  January,  1784,  was  read  ; 


but,  hearing  of  it  from  Dr.  Blagden,  He 
obtained  a  loan  of  it  from  Mr.  Caven- 
dish, and  writes  to  Mr.  Watt  on  the  Ist 
March  following,  to  apprize  him  of  it, 
adding  that  he  has  penised  it,  and  pro- 
mising an  analysis,  in  the  postscript  he 
states,  **  In  short,  they  expound  and  prove 
**  your  system,  word  for  word,  and  say 
*'  nothing  of  you.'*  The  promised  analysis 
is  given  in  another  letter  of  the  4th  of  the 
same  month.  Mr.  Watt  replies  on  the 
6th,  with  all  the  feelings  which  a  con- 
viction he  had  been  ill-treated  was  cal- 
culated to  inspire,  and  makes  use  of  those 
vivid  eipressi(His  which  M.  Arago  has 
quoted ;  he  states  his  intention  of  being 
in  London  in  the  ensuing  week,  and  his 
opinion,  that  the  reading  of  his  leUer  to 
the  Royal  Society  will  be  the  proper  step 
to  be  taken.  He  accordingly  went  there, 
waited  upon  the  President  of  the  Royal 
Society,  Sir  Joseph  Banks,  was  received 
with  all  the  courtesy  and  just  feeling 
which  distinguished  that  most  honourable 
man ;  and  it  was  settled  that  both  the 
letter  to  Dr.  Priestley  of  26th  April,  1783, 
and  that  to  Mr.  De  Luc  of  26th  November, 
1783,  should  be  successively  read.  The 
former  was  done  on  the  22nd,  and  the 
hitter  on  the  29th  April,  1784.— [Note 
BY  Mr.  James  Watt,  Jun.]  ^ 
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subsequent  one,  to  have  been  communicated  to  several  members 
of  the  Eoyal  Society  at  the  time  of  its  reaching  Dr.  Priestley, 
viz.  April,  1783. 

In  Mr.  Cavendish's  paper  as  at  first  read,  no  allusion  is  to  be 
found  to  Mr.  Watt's  theory.  But  in  an  addition  made  also  in 
Sir  C.  Blagden's  hand,  after  Mr.  Watt's  paper  had  been  read, 
there  is  a  reference  to  that  theory,  (Phil.  Trans.  1784,  p.  140), 
and  Mr.  Cavendish's  reasons  are  given  for  not  encumbering  his 
theory  with  that  part  of  Mr.  Watt's  which  regards  the  evolution 
of  latent  heat.  It  is  thus  left  somewhat  doubtful,  whether  Mr. 
Cavendish  had  ever  seen  the  letter  of  April,  1783,  or  whether  he 
had  seen  only  the  paper  (of  26th  November,  1783)  of  which  that 
letter  formed  a  part,  and  which  was  read  29th  April,  1784.  That 
the  first  letter  was  for  some  time,  (two  months^  as  appears  from 
the  papers  of  Mr.  Watt),  in  the  hands  of  Sir  Joseph  Banks,  and 
other  members  of  the  Society,  during  the  preceding  Spring,  is 
certain,  from  the  statements  in  the  note  to  p.  330 ;  and  that  Sir 
Charles  Blagden,  the  Secretary,  should  not  have  seen  it,  seems 
impossible ;  for  Sir  Joseph  Banks  must  have  delivered  it  to  him 
at  the  time  when  it  was  intended  to  be  read  at  one  of  the  Society's 
meetings,  (Phil.  Trans,  p.  330,  Note) ;  and,  as  the  letter  itself 
remains  among  the  Society's  Eecords,  in  the  same  volume  with 
the  paper  into  which  the  greater  part  of  it  was  introduced,  it 
must  have  been  in  the  custody  of  Sir  C.  Blagden.  It  is  equally 
difficult  to  suppose,  that  the  person  who  wrote  the  remarkable 
passage  already  referred  to,  respecting  Mr.  Cavendish's  con- 
clusions having  been  communicated  to  Mr.  Lavoisier  in  the 
summer  of  1783,  (that  is,  in  June),  should  not  have  mentioned  to 
Mr.  Cavendish  that  Mr.  Watt  had  drawn  the  same  conclusion  in 
the  Spring  of  1783,  (that  is,  in  April  at  the  latest).  For  the  con- 
clusions are  identical,  with  the  single  difference,  that  Mr.  Caven- 
dish calls  dephlogisticated  air,  water  deprived  of  its  phlogiston, 
and  Mr.  Watt  says,  that  water  is  composed  of  dephlogisticated 
air  and  phlogiston. 

We  may  remark,  there  is  the  same  uncertainty  or  vagueness 
introduced  into  Mr.  Watt's  theory,  which  we  before  observed  in 
Mr.  (Cavendish's,  by  the  use  of  the  term  Phlogiston,  without  ex- 
actly defining  it.*     Mr.  Cavendish  leaves  it  uncertain,  whether 

*  Mr.  Watt,  in  a  note  to  his  paper  of  "  probability,  the  real  phlogiston  in  an 

26th  November,  1783,  p.  331,  observes,  "aerial    form.      These  arguments  were 

**  previous  to  Dr.  Priestley's  making  these  "  perfectly  convincing  to  me,  but  it  seems 

"  experimeots,  Mr.  Kirwan  had  proved,  "  proper  to  rest  that  pait  of  the  argument 

"  by  very  ingenious  deductions  from  other  "  on  direct  experiment." — [Note  by  Me. 

*'  facts,  thttt  inflammable  air  was,  in  all  Jaueb  Watt,  Jun.] 
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or  not  he  meant  bj  phlogiston  simply  inflammable  air,  and  he 
inclines  rather  to  call  inflammable  air,  water  united  to  phlogiston. 
Mr.  Watt  says  expressly,  even  in  his  later  pi^r,  (of  November, 
1783),  and  in  a  passage  not  to  be  found  in  the  letter  of  April, 
1783,  that  he  thinks  that  inflammable  air  contains  a  small  quan- 
tity of  water,  and  much  elementary  heat.     It  must  be  admitted 
that  such  expressions  as  these  on  the  part  of  both  of  those  great 
men,  betoken  a  certain  hesitation  respecting  the  theory  of  the 
oomposition  of  water.    If  they  had  ever  formed  to  themselves  the 
idea,  that  water  is  a  compound  of  the  two  gases  deprived  of  their 
latent  heat, — that  is,  of  the  two  gases, — with  the  same  dis- 
tinotiveness  which  marks  Mr.  Lavoisier's  statement  of  the  theory, 
such  obscurity  and  uncertainty  woidd  have  been  avoided.* 


•  Mr.  Watt,  in  his  letter  of  26t}i  April, 
1783,  thus  expresses  his  theory  and  con- 
dualoiis,  (Phil.  Trans,  p.  333^ :— «*  Let 
**  OS  now  consider  what  ohvioosly  happens 
**  in  the  case  of  the  deflagration  of  the 
*'  inflammable  and  dephlogisticated  air. 
*'  These  two  kinds  of  air  unite  with 
'*  Tiolence,  they  become  red-hot,  and, 
**  upon  cooling,  totally  disappear.  When 
*'  the  vessel  is  cooled,  a  quantity  of  water 
**  is  found  in  it,  equal  to  the  weight  of 
**  the  air  employed.  This  water  is  then  the 
*'  only  remaining  product  of  the  process, 
•<  and  wateTf  light,  and  heat,  are  all  the 
*<  products,"  (unless,  he  adds  in  the  paper 
of  Noyember,  there  be  some  other  matter 
set  free,  which  escapes  our  senses).  "  Are 
**  we  not  then  authorued  to  wnclude,  that 
**  water  it  composed  of  dephlogisticated 
**  air  and  phlogiston,  deprived  of  their 
'*  latent  or  elementary  heat;  that  de- 
*<  phlogistictUed  or  pure  air  is  composed 
**  of  water  deprived  of  its  phlogiston,  and 
**  united  to  elementary  heat  and  light ; 
**  that  the  latter  are  contained  in  it  in  a 
**  latent  state,  so  as  not  to  be  sensible  to 
'*  the  thermometer  or  to  the  eye ;  and  if 
"  light  be  only  a  modification  of  heat,  or 
*'  a  circmnstance  attending  it,  or  a  com- 
**  ponentpart  of  the  inflammahle  air,  then 
"  pure  or  dephlogisticated  air  is  composed 
**  of  water  deprived  of  its  phlogiston,  and 
**  united  to  elemenUuy  heat  f 

Is  not  this  as  clear,  precise,  and  in- 
tdligible,  as  the  conclusions  of  Mr.  La- 
Toisier?— [Note  bt  Mb.  Jaxeb  Watt, 
JdnJ 

The  obaoority  with  which  Lord 
^ron^iam  charges  the  theoretical  oon- 
ceptknf  of  Watt  and  Cavendish,  does  not 


appear  to  me  weU-founded.  In  1784  tiie 
preparation  of  two  permanent  and  very 
dissimilar  gases  was  known.  Some  oidled 
these  gases,  pure  air,  and  inflammable  air ; 
others,  dephlogisticated  air  and  phlogiston  ; 
and  lastly,  others,  oxygen  and  hydrogen. 
By  combining  dephlogisticated  air  and 
phlc^ton,  water  was  produced  equal  in 
weight  to  that  of  the  two  gases.  Water 
thenceforward  was  no  Icmger  a  aimpla 
body,  but  a  compound  of  dephlogisticated 
air  and  of  phlogiston.  The  chonist  who 
drew  that  conclusion  might  have  errooeona 
ideas  as  to  the  intimate  nature  of  phlo- 
giston, without  that  throwing  any  un- 
certainty upon  the  merit  of  his  first  dis* 
covery.  Even  at  this  day,  have  wa 
mathematically  demonstrated  that  hydro- 
gen (or  phlc^ton)  is  an  elementary  body ; 
or  that  it  is  not,  as  Watt  and  Cavendish 
supposed  at  the  time,  the  combination  of 
a  raidical  and  of  a  little  water? — [Note 
BY  M.  Araoo.] 

It  should  be  borne  in  mind  that  tha 
new  chemical  nomenclature  was  not  pro- 
posed to  the  Academy  of  Sdenees  by  the 
Messrs.  De  Morveau,  Lavoisier,  BerthoUet, 
and  De  Fourcroy,  until  1787,  accompanied 
by  introductory  memoirs  by  M.  Lavoisier 
and  M.  De  Morveau. 

Lavoisier  himself  had  suggested  the  use 
of  the  term  acidifying  princ^le  or  oxy- 
gen,  in  1778,  for  the  ba^  of  pure  or  de- 
phlogisticated air ;  and  he  used  it  in  sub- 
sequent memoirs  in  1780  and  1782 ;  but 
it  was  not  until  the  decomposition  of  water 
was  discovered  in  1783  and  1784,  that  he 
fully  adopted  it.  Berthollet,  perhaps  the 
most  philosophical  chemist  of  Frsnoe,  did 
not  become  a  convert  to  this  nMnenclatars 
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Several  farther  propositions  may  now  be  stated,  as  the  result 
of  the  £BU)ts  regarding  Mr.  Watt. 

Firgty  That  there  is  no  evidence  of  any  person  having  reduced 
the  theory  of  composition  to  writing,  in  a  shape  which  now  re- 
mains, 80  ecurly  as  Mr.  Watt. 

Secondly^  That  he  states  the  theory,  both  in  April  and  Noyem- 
ber,  1783,  in  language  somewhat  more  distinctly  referring  to 
composition,  than  Mr.  Cavendish  does  in  1784,  and  that  his  re- 
ference  to  the  evolution  of  latent  heat  renders  it  more  distinct 
than  Mr.  Cavendish's. 

ThnrHf/,  That  there  is  no  proof,  nor  even  any  assertion,  of  Mr. 
Cavendish's  theory,  (what  Sir  C.  Blagden  calls  his  conclusion), 
having  been  communicated  to  Dr.  Priestley  before  Mr.  Watt 
stated  his  theory  in  1783,  still  less  of  Mr.  Watt  having  heard  of 
it,  while  his  whole  letter  shows  that  he  never  had  been  aware  of 
it,  either  from  Dr.  Priestley,  or  from  any  other  quarter. 

Fourthly^  That  Mr.  Watt's  theory  was  well  known  among  the 
members  of  the  Society,  some  months  before  Mr.  Cavendish's 
statement  appears  to  have  been  reduced  into  writing,  and  eight 
months  before  it  was  presented  to  the  Society.  We  may,  indeed, 
go  farther,  and  affirm,  as  another  deduction  from  the  facts  and 
dates,  that,  as  far  as  the  evidence  goes,  there  is  proof  of  Mr.  Watt 
having  first  drawn  the  conclusion ;  at  least,  that  no  proof  exists 
of  any  one  having  drawn  it  so  early  as  he  is  proved  to  have  done. 

Lastly^  That  a  reluctance  to  give  up  the  doctrine  of  phlogiston, 
a  kind  of  timidity  on  the  score  of  that  long-established  and  deeply- 
rooted  opinion,  prevented  both  Mr.  Watt  and  Mr.  Cavendish  from 
doing  full  justice  to  their  own  theory ;  while  Mr.  Lavoisier,  who 
had  entirely  shaken  off  these  trammels,  first  presented  the  new 
doctrine  in  its  entire  perfection  and  consistency.* 

All  three  may  have  made  the  important  step  nearly  at  the  same 
time,  and  unknown  to  each  other ;  the  step,  namely,  of  concluding 


until  1785,  nor  did  De  Morveau  and  Four- 
croy,  according  to  the  statement  of  the 
latter,  jfnllj  enter  into  it  until  the  end  of 
1786.  As  far  as  we  recollect,  it  was  first 
legitimated,  if  we  maj  use  the  expression, 
in  Laroisiei's  System  of  Chemistry  in 
1789.  It  is  sorely,  then,  wrone  to  expect 
that  Mr.  Watt,  in  expounding  his  theory 
in  1783,  should  use  a  phraseology  not 
generally  sanctioned  in  France  until  four 
years  later,  not  admitted  by  BUck, 
rrieaUey,  Khrwan,  and  other  great  English 
chemiata,  until  a  still  more  recent  period, 
and  by  wfm%  of  them  nerer  recognised  at 


all. — [Note  by  Mr.  James  Watt,  Jun.] 
*  It  could  scarcely  be  expected  that 
Mr.  Watt,  writing  and  publishing  for  the 
first  time,  amid  the  distractiona  of  a  large 
manufacturing  concern,  and  of  extensive 
commercial  afiairs,  could  compete  with 
the  eloquent  and  practised  pen  of  so  great 
a  writer  as  Lavoisier ;  but  it  seems  to  me, 
who  am  certainly  no  impartial  judge,  that 
the  summing-up  of  his  theory,  (p.  333  of 
his  paper),  here  quoted,  p.  331,  is  equally 
luminous  and  well  expressed  as  are  the  con- 
clusions of  the  iUustrious  French  chemist. 
—[Note  by  Mr.  James  Watt,  Ju»,J 
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from  the  experiment,  that  the  two  gases  entered  into  comhina- 
tion,  and  that  water  was  the  result ;  for  this,  with  more  or  kn  of 
distinctness,  is  the  inference  which  all  three  drew. 

But  there  is  the  statement  of  Sir  Charles  Blagden,  to  show  ibit 
Mr.  Lavoisier  had  heard  of  Mr.  Cavendish's  drawing  this  inferenoe 
before  his  (Mr.  Lavoisier's)  capital  experiment  was  made  ;*  md 
it  appears  that  Mr.  Lavoisier,  after  Sir  C.  Blagden's  statement 
had  been  embodied  in  Mr.  Cavendish's  paper  and  made  puUic, 
never  gave  any  contradiction  to  it  in  any  of  his  subsequent 
memoirs  which  are  to  be  found  in  the  Memoires  de  I'Academie, 
though  his  own  account  of  that  experiment,  and  of  what  then 
passed,  is  inconsistent  with  Sir  Charles  Blagden's  statementf 

But  there  is  not  any  assertion  at  all,  even  from  Sir  C.  Blsgden, 
zealous  for  Mr.  Cavendish's  priority  as  he  was,  that  Mr.  Watt  had 
ever  heard  of  Mr.  Cavendish's  theory  before  he  formed  his  own. 

Whether  or  not  Mr.  Cavendish  had  heard  of  Mr.  Watt's  theory 
previous  to  drawing  his  conclusions,  appears  more  doubtful.  Hie 
supposition  that  he  had  so  heard,  rests  on  the  improbability  of 
his,  (Sir  Charles  Blagden's),  and  many  others  knowing  whst  Mr. 
Watt  had  done,  and  not  communicating  it  to  Mr.  Cavendisii,  snd 
on  the  omission  of  any  assertion  in  Mr.  Cavendish's  paper,  even 
in  the  part  written  by  Sir  C.  Blagden  with  the  view  of  daimisg 
priority  as  against  Mr.  Lavoisier,  that  Mr.  Cavendish,  had  drawn 
his  conclusion  before  April,  1783,  although  in  one  of  the  additions 
to  that  paper,  reference  is  made  to  Mr.  Watt's  theory. 

As  great  obscurity  hangs  over  the  material  question  at  what 
time  Mr.  Cavendish  first  drew  the  conclusion  £rom  his  experi- 
ment, it  may  be  as  well  to  examine  what  that  great  man's  habit 
was  in  communicating  his  discoveries  to  the  Boyal  Society. 

A  Committee  of  the  Royal  Society,  with  Mr.  Gilpin  the  derk, 
made  a  series  of  experiments  on  the  formation  of  nitrous  acid, 
under  Mr.  Cavendish's  direction,  and  to  satisfy  those  who  had 
doubted  his  theory  of  its  composition,  first  given  accidentally 
in  the  paper  of  January,  1784,  and  afterwards  more  folly  in 
another  paper,  Jime,  1785.  Those  experiments  occupied  from 
the  6th  December,  1787,  to  19th  March,  1788,  and  Mr.  Caven- 


*  In  the  letter  which  Sir  Charles  Blag- 
den addressed  to  Proftnsor  Crell,  and  whidi 
appeared  in  Crell's  Annakn  for  1786»  pro- 
fessing to  give  a  detailed  history  of  the 
diaoovery,  he  says  expressly,  that  he  had 
communicated  to  Laroisior  the  oonclusioos 
both  of  Cavendish  and  Watt,  This  last 
D^me  appears  in  that  letter  for  the  first 


time  in  the  recital  of  the  Terhal  oommui- 
cations  of  the  Secretary  of  the  Rojil 
Society,  and  ia  never  noentiooed  by  L^ 
Toisier. — [Note  by  Mb.  Jamxm  Witt, 

JUN.] 

t  Could  Blagden's  letter  to  CrO  abt 
have  escaped  Lavoisier^a  notice  ?— {Kon 
BY  Mr.  Jam£8  Watt,  Jcjv.j 
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di^'s  paper  upon  them  was  read  17th  April,  1788.  It  was, 
therefore,  written  and  printed  within  a  month  of  the  experiments 
being  concluded. 

Mr.  Eirwan  answered  Mr.  Cavendish's  paper  (of  1 6th  January, 
1784)  on  water,  in  one  which  was  read  6th  February,  1784,  and 
Mr.  Cavendish  replied  in  a  paper  read  4th  March,  1784. 

Mr.  Cavendish's  experiments  on  the  density  of  the  earth  were 
made  from  the  6th  August,  1797,  to  the  27th  May,  1798.  The 
paper  upon  that  subject  was  read  27th  June,  1798. 

The  account  of  the  eudiometer  was  communicated  at  appa- 
rently a  greater  interval ;  at  least  the  only  time  mentioned  in 
the  account  of  the  experiments  is  the  latter  half  of  1781,  and  the 
paper  was  read  January,  1783.  It  is,  however,  probable  from 
the  nature  of  the  subject,  that  he  made  fuiiher  trials  during  the 
year  1782. 

That  Mr.  Watt  formed  his  theory  during  the  few  months  or 
weeks  immediately  preceding  April,  1 783,  seems  probable.*  It 
is  certain  that  he  considered  the  theory  as  his  own,  and  makes 
no  reference  to  any  previous  communication  from  any  one  upon 
the  subject,  nor  of  having  ever  heard  of  Mr.  Cavendish  drawing 
the  same  conclusion. 

The  improbability  must  also  be  admitted  to  be  extreme,  of  Sir 
Charles  Blagden  ever  having  heard  of  Mr.  Cavendish's  theory, 
prior  to  the  date  of  Mr.  Watt's  letter,  and  not  mentioning  that 
circumstance  in  the  insertion  which  he  made  in  Mr.  Cavendish's 
XMkper. 

It  deserves  to  be  farther  mentioned,  that  Mr.  Watt  left  the 
correction  of  the  press,  and  everything  relating  to  the  publishing 
of  his  paper,  to  Sir  Charles  Blagden.  A  letter  remains  from  him, 
to  that  effect,  written  to  Sir  Charles  Blagden,  and  Mr.  Watt  never 
saw  the  paper  until  it  was  printed.']' 


Since  M.  Arago's  learned  '  Eloge'  was  published,  with  tliis  paper 
as  an  Appendix,  the  Rev.  W.  Vernon  Harcourt  has  entered  into 
controversy  with  us  both,  or,  I  should  rather  say,  with  M.  Ai*ago, 
for  he  has  kindly  spared  me ;  and  while  I  acknowledge  my  obli- 


*  That  the  idea  existed  in  his  mind  f  The  notes  of  Mr.  James  Watt  formed 

previously,  is  proved  by  his  declarations  part  of  the  manuscript  transmitted  to  me 

to  Dr.  Priestley,  cited  by  the  latter ;  by  by  Lord  Brougham  ;  and  it  is  at  the  ex- 

his  own  assertions,  p.  335  of  his  paper ;  press   desire    of    my    illustrious   fellow- 

and  by  the  existing  copies  of  his  letters  in  member,  that  I  have  printed  them,  as  a 

December,  1782. — [Note  BY  Mr.  James  useful  commentary   upon    his   essay. — 

Watt,  Jun.]  [Note  by  M.  Araoo.J 
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gations  for  this  courtesy  of  my  reverend,  learned,  and  valued 
friend,  I  must  express  my  unqualified  admiration  of  his  boldneas 
in  singling  out  for  his  antagonist  my  illustrious  colleague,  rather 
than  the  fax  weaker  combatant  against  whom  he  might  so  much 
more  safely  have  done  battle.     Whatever  might  have  been  his 
fate  had  he  taken  the  more  prudent  course,  I  must  fairly  say, 
(even  without  waiting  until  my  fellow  champion  seal  our  ad- 
versary's doom),  that  I  have  seldom  seen  any  two  parties  more 
unequally  matched,  or  any  disputation  in  which  the  victoiy  was 
so  complete.     The  attack  on  M.  Arago  might  have  passed  well 
enough  at  a  popular  meeting  at  Birmingham,  before  which  it 
was  spoken ;  but  as  a  scientific  inquirer,  it  would  be  a  flattery 
running  the  risk  of  seeming  ironical  to  weigh  the  reverend  author 
against  the  most  eminent  philosopher  of  the  day ;  although  upon 
a  question  of  evidence,  (which  this  really  is,  as  well  as  a  scientiflo 
discussion),  I  might  be  content  to  succumb  before  him.     As  a 
strange  notion,  however,  seems  to  pervade  this  paper,  that  every- 
thing depends  on  the  character  of  Mr.  Cavendish,  it  may  be  as 
well  to  repeat  the  disclaimer  already  very  distinctly  made  of  all 
intention  to  cast  the  slightest  doubt  upon  that  great  man's  per- 
fect good  faith  in  the  whole  afiair ;  I  never  having  supposed  that 
he  borrowed  from  Mr.  Watt,  though  M.  An^,  Professor  Hobison,* 
and  Sir  H.  Davy,  as  well  as  myself,  have  always  been  convinced 
that  Mr.  Watt  had,  imknown  to  him,  anticipated  his  great  dis- 
covery.    It  is  also  said  by  Mr.  Harcourt  that  the  late  Dr.  Heniy 
having  examined  Mr.  Watt's  manuscripts,  decided  against  his 
priority.     I  have  Dr.  H.'s  letter  before  me  of  Jime,  1820,  stating 
most  clearly,  most  fully,  and  most  directly,  the  reverse,  and  de- 
ciding in  Mr.  Watt's  favour.     I  must  add,  having  read  the  foil 
publication  with  £EU3-similes,  Mr.  Harcourt  has  now  clearly  proved 
one  thing,  and  it  is  really  of  some  importance.     He  has  made  it 
appear  that  in  all  Mr.  Cavendish's  diaries  and  notes  of  his  experi- 
ments, not  an  intimation  occurs  of  the  composition  of  water 
having  been  inferred  by  him  from  those  experiments  earlier  than 
Mr.  Watt's  paper  of  Spring,  1783. 


*  Encyc.  Brit.,  vol.  zviii.  p.  808.  claims,  and  it  was  published  in  1797, 
This  able  and  learned  article  enters  at  thirteen  years  before  Mr.  Cayendish's 
length   into  the  proofs  of   Mr.   Watt's      death. 
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No.  ni. 

SUnCABT  OF  THE  HISTOBT  OF  THE  PB0GBE88  TOWARDS  THE 
DI8COTERT  OF  THE  COMPOSITION  OF  WATER,  AND  OF  THE 
DISCX)yEBT  ITSELF. 

1776. 
Yolta  fires  inflammable  air  by  the  eleotrio  spark. 

1776-77. 

Maoquer  explodes  mixtures  of  inflammable  and  common  airs, 
and  of  inflammable  and  dephlogisticated  airs,  (but  not  by  the 
(deotric  spark),  in  glass  vessels,  not  close.  He  makes  his  ob- 
servation of  the  moisture  formed  when  inflammable  air  is  burned 
in  common  air,  and  of  that  moisture  being  pure  water. 

1778. 
Macquer  publishes  his  observations. 

1781. 

Before  the  18th  of  April,  Mr.  Warltire,  being  encouraged  by 
Dr.  Priestley,  fires,  by  the  electric  spark,  a  mixture  of  common 
and  inflammable  air  in  a  close  metal  flask,  weighing  the  vessel 
before  and  after  the  explosion,  observing  the  dewy  deposit,  and 
finding  only  a  very  trifling  loss  of  weight. 

Dr.  Priestley  fires  mixtures  of  common  and  inflammable  airs, 
and  of  inflammable  and  dephlogisticated  airs,  in  a  close  gUus 
vessel,  and  observes  a  deposit  of  water  on  the  sides  of  the  vessel. 

Mr.  Warltire  repeats  Dr.  Priestley's  experiment  in  the  close 
glass  vessel,  and  confirms  his  observation  of  the  dewy  deposit. 

In  July,  after  the  publication  of  Dr.  Priestley's  and  Mr.  Warl- 
tire's  experiments,  Mr.  Cavendish  repeats  them. 

No  canduskm  as  to  the  reed  origin  of  the  Mooter ^  pvbUshed  hg  Mr. 
Cavendish;  nor  oommumcated  to  any  indhndualj  nor  contained  in  the 
Journal  and  Notes  of  his  experiments ;  nor  alleged  by  himself^  nor  by  any 
one  dssj  to  have  been  then  drawn  by  him. 

1782. 

13th  December. — Mr.  Watt,  in  writing  to  Mr.  De  Luo  and  Dr. 
Black,  mentions  an  opinion  which  he  had  held  for  many  years. 
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that  air  was  a  modification  of  water ;  and  Hhsi  if  all  the  latent 
heat  of  steam  could  be  turned  into  sensible  heat,  the  constitation 
of  the  steam  would  be  essentially  changed,  and  it  would  become 

air. 

1783. 

•*  Dr.  Priestley  having  put  dry  dephlogisticated  air  and  dry 
**  inflammable  air  into  a  close  [glass]  vessel,  and  kindled  them  br 
'*  the  electric  spark,  finds  on  the  sides  of  the  vessel  a  quantity  of 
**  water  equal  in  weight  to  the  air  employed," 

26th  March. — Mr.  Watt  mentions  as  new  to  him,  that  experi- 
ment of  Dr.  Priestley's. 

21st  April. — ^Mr.  Watt  states  in  his  letters,  both  to  Dr.  Priestk? 
and  to  Dr.  Black,  his  conclusions,  viz. :  "  that  water  is  compoeed 
**  of  dephlogisticated  and  inflammable  air,  or  phlogiston,  depmed 
*'  of  part  of  their  latent  heat;  and  that  dephlogisticated  or  pure 
**  air  is  composed  of  water  deprived  of  its  phlogiston,  and  united 
*'  to  heat  and  light."  He  requests  his  letter  to  Dr.  Priestley  to 
be  read  to  the  Eoyal  Society. 

26th  April. — Mr.  Watt  having  re-written  his  letter  of  the  21st, 
sends  it  to  Dr.  Priestley,  who  receives  it  in  liondon, — shows  it 
to  several  members  of  the  Royal  Society, — among  vehom  vas  J/r. 
Cavendishes  intimate  friend  and  private  assistant^  Dr,  jBi^fdoi,— and 
then  delivers  it  to  Sir  Joseph  Banks  the  President,  for  the  pur- 
pose of  being  publicly  read  to  the  Society. 

Prior  to  the  23rd  of  June,  Mr.  Watt  requests  the  public  readiBg 
of  his  paper  to  be  delayed  till  he  should  examine  new  experi- 
ments, said  by  Dr.  Priestley  to  contradict  his  theory. 

24th  June.— MM.  Lavoisier  and  La  Place  perform  their  expe- 
riment at  Paris,  at  which  Blagden  is  present.  They  are  informed, 
as  Lavoisier  says,  of  Mr.  Cavendish  having  burned  the  two  tire 
and  obtained  water; — as  Blagden  subsequently  says,  of  the  con- 
clusions of  Watt  and  Cavendish ;— (this  being  the  first  time  ihit 
any  conclusion  of  Mr.  Cavendish  on  the  subject  is  referred  to  br 
any  one.) 

25th  June. — MM.  Lavoisier  and  La  Place  give  an  account  of 
their  experiment  to  the  Academy  of  Sciences,  and  Lavoisier  states 
the  conclusion  as  to  the  compound  nature  of  water,  to  have  been 
drawn  by  La  Place  and  himself. 

June  and  July. — M.  Monge  performs  his  experiments  at  Men- 
^res ;  and  repeats  them  in  October. 

Martinmas. — M.  Lavoisier  reads  to  the  Academy  of  Sciences 
his  memoir  on  the  composition  of  water. 
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26th  November. — Mr.  Watt  being  fully  satisfied  of  the  correct- 
ness of  his  theory,  and  hearing  that  Lavoisier  was  passing  it  off 
as  his  own,  repeats  it  in  his  letter  to  Mr.  De  Luc,  which  he  re- 
quests may  be  read  to  the  Eoyal  Society. 

JNh  conclusion  published,  nor  "known  to  have  been  committed  to  writing, 
mar  alleged,  (excepting  by  Dr.  Blagden),  to  have  been  drawn,  by  Mr, 
Cavendish, 

1784. 

15th  January. — In  his  paper  read  to  the  Eoyal  Society  this 
day,  Mr.  Cavendish,  for  the  first  time,  states  publicly  in  writing, 
and  in  his  own  person,  his  conclusions  as  to  the  compound  nature 
of  water;  coinciding  generally  with  those  of  Mr.  Watt,  but 
omitting  the  consideration  of  latent  heat,  as  well  as  the  mention 
of  Mr.  Watt's  name. 

March. — Mr.  Watt,  finding  that  in  Mr.  Cavendish's  paper  his 
own  theory  had  been  fully  explained  and  proved,  and  his  name 
excluded,  expresses  his  indignation,  and  takes  immediate  steps 
for  having  his  own  letters,  of  26th  April  and  26th  November, 
1783,  read  at  the  Royal  Society,  with  their  true  dates. 

21st  April. — MM.  Meusnier  and  Lavoisier  read  to  the  Academy 
of  Sciences  their  memoir  on  the  decomposition  of  water,  which  is 
printed  in  the  same  year. 

22nd  April. — Mr.  Watt's  first  letter,  which  had  till  now  re- 
mained in  the  custody  of  the  President,  is,  according  to  his 
request,  read  at  the  Royal  Society. 

29th  Apiil. — Mr.  Watt's  second  letter  is  also  read.  Both 
letters  are  ordered  to  be  printed  in  the  Philosophical  Trans- 
actions. 

5th  May. — Dr.  Blagden  is  appointed  Secretary  to  the  Royal 
Society,  and  is  entnisted  with  the  superintendence  of  the  printing 
of  both  of  Mr.  Watt's  letters,  to  be  embodied  in  one  paper,  with 
marks  distinguishing  each  from  the  other. 

June  ? — M.  Lavoisier's  memoir  is  printed  with  additions. 

July  ? — Mr.  Cavendish's  paper  is  printed ; — the  separate  copies, 
with  the  erromous  date  o/'1783  instead  of  178^  on  their  titlepage; 
with  the  correct  date,  1 784,  omitted  from  the  heading  of  the  paper  ;  and 
the  paper  itself  containing  two  interpolations,  made  by  Dr. 
Blagden  some  ^aonths  after  it  had  been  read  to  the  Society.  In 
one  of  these,  Mr.  Watt's  name  is  for  the  first  time  mentioned  as  if 
by  Mr.  Cavendish,  and  his  theory  alluded  to  as  his  own, 

August. — Mr.  Watt's  paper  is  printed,  under  the  sole  superin- 
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tendenoe  of  Dr.  Blagden,  and  with  the  errani(m$  date  cf  1784  instead 
of  1783. 

1786. 

The  paper  of  M.  Monge  is  published ;  no  date  being  mentioned 
at  which  it  had  been  read. 

J.  P.  M. 
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370,  371-374. 
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Agathiab,  History  of  Justinian,  109. 

Air,  empyreal,  392. 

AIR-PUMP,  by  steam,  Robison's,  69 ;  Wilcke's, 

100, 101 ;  of  improved  engine,  79, 88, 169, 

184,  188, 189,  192,  409. 

•  Airs,'  *  Factitious,'  429,  note. 
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note,  441. 
Albion  Milb,  288,  289. 
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•  Almanach  des  Gourmands,'  388. 
America,  10,  434,  440. 
American,  the  nation,  135. 
Amiens,  Peace  o^  482. 
Ammoniacal  liquor,  300. 
Amontons,  M.,  his  *  fire-wheel,'  159. 

•  Amphitryons,'  *  Manuel  des,'  388. 
Andersen,   Hans   Christian,  on  Marion  de 
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Anderson,  Professor  John,  65,  92,  93;  Mr. 
Watt's  gift  to  him  of  prismatic  micro- 
meter, 232. 

Andersonian  Institution  in  Glasgow,  the,  92. 

•  A  new  hare/  295,  485. 
Anglo-Saxon,  Mr.  Watt's  study  of,  490. 
Anthemius,  his  use  of  steam,  109. 

'  Anthbopopiiaqi,' *  of  London,'  415. 


banks. 

Arabian,  281. 

Arago,  M.,  commentary  on  Mrs.  Campbeirs 
anecdote,  21 ;  brief  extract  from  Robiaon's 
narrative,  58  ;  panegyric  on  De  Caua,  111; 
on  Papin,  132 ;  his  copy  of  Papin's  *  Re- 
*  cueil,*  137  ;  criticism  on  Savery,  153 ;  ac- 
count of  Soho,  and  of  Mr.  Boulton,  173 ; 
on  invention  of  micrometer  with  moveable 
object-glass,  233,  and  note;  on  Mr. 
Watt's  grief  at  the  loss  of  his  first  wife, 
241 ;  his  character  of  second  Mrs.  Watt, 
260 ;  on  discovery  of  composition  of  water, 
345,  &c. 

Argand,  Mr.,  Mr.  Watt's  letter  to,  on  lamps, 
462. 

Aristotle,  small  bust  off  469. 

Arithmetical  machine,  contemplated  by 
Mr.  Watt,  466,  467. 

Armada,  Spanish,  bullets  of,  506,  507. 

Arnal,  the  Abbtf,  437. 

Arn's  Well,  in  Green  of  Glasgow,  82. 

Articulated  water-pipe  for  Gla^w  Wa- 
ter-works, 468. 

Artificial  alabaster,  469. 

Arts,  Society  of,  in  1778,  231. 

Art -Union  (of  London),  medal  in  honour  of 
Chantrey,  and  of  the  monument  to  Watt, 
536. 

Ash,  Dr.,  252. 

Ashton  and  Fuman,  Messrs.,  438. 

Atlantic  Ocean,  the,  31. 

Atmospheric  gai*,  392. 

AuzouT  and  Picard,  their  cross-hair  micro- 
meter, 235. 

Axes,  primary,  293. 

Ayr,  harbour  of,  213. 

Ayrshire,  424. 


B. 

Babbaoe,  Mr.,  467,  note, 

Bacchus,  386. 

Bacon,  Lord,  on  the  honoar  paid  to  in- 
ventors, 2,  312. 

Bailly,  388. 

Baker  and  Co.,  of  Manchester,  400. 

Ballad  of  *  the  Laird  of  Muirhead,'  14. 

Banks,  Sir  Joseph,  President  of  Royal  So- 
ciety, 333,  337,  342,  366,  489. 
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BARGE. 

Barqe,  the  royal,  distanced  by  boat  with 
paddle-wheels,  145. 

Barometer,  new,  by  Dr.  Small,  228,  229 ; 
steam,  298. 

Batavian  Society,  Mr.  Watt  a  member  of, 
530. 

Bate,  glyptic  machmc,  479. 

Bath,  Dr.  Townseud,  of,  440. 

Battertso-rams,  291. 

Beam,  great,  of  engine,  introduced  by  New- 
comen,  155;  with  toothed  sector,  to  pro- 
duce a  rotative  motion,  280,289 ;  equalising, 
286,  287;  with  parallel  motion,  294-296. 

Beaufort  MSS.,  the,  concerning  Lord  Wor- 
cester, 117. 

Beddoes,  Dr.,  429  ;  his  death,  518. 

Beeciiey,  Sir  William,  portrait  of  Mr.  Watt, 
531. 

Beiohton,  Henry,  his  engine,  eduction-pipe 
in,  69  ;  improved  the  details  of  Newcomen's 
engine,  155,  157. 

Belidor,  account  of  the  steam-engine,  2,  67, 
75,  83;  mistakes  Papin's  claim,  134; 
quotes  his  admission  of  Savery's  originality, 
149;  preference  of  Savery's  engine,  152; 
account  of  machine  of  Marly,  268,  397. 

Bell,  Mr.  Geo.,  517. 

,  Mr.  Henry,  441. 

Bellow  Mill,  in  Ayrshire,  424. 

Benedicts,  philosophical,  of  the  present  day, 
487. 

Beranoer,  his  *  Rosette,'  261. 

Berthollet,  260,  399,  400,  471,  482. 

Berzelius,  corrected  by  Dumas,  376 ;  opi- 
nion as  to  Mr.  Watt's  priority,  377,  378. 

Betanoourt,  M.  de,  267  ;  his  mode  of  *  di- 
*  vining  the  principle '  of  the  new  steam- 
engine,  267,  268. 

Beverlbv,  438. 

BioN  on  Mathematical  Instruments,  39; 
translated  by  Stone,  39,  40. 

Birmingham,  first  visited  by  Mr.  Watt, 
173;  false  coining  in,  174;  visited  by 
Roebuck,  195 ;  Mr.  Watt's  residence  at, 
268-272 ;  Wasborough's  mill  at,  281 ;  *  a 
'region  of  rare  talents,'  310;  visited  by 
Cavendish,  385 ;  Priestley's  settlement  at, 
391;  riots  at,  395,  396;  newspaper  ac- 
count of  robbery  at  Soho,  419. 

Black,  Dr.,  organ  built  by  Mr.  Watt  for, 
46-48  ;  acquaintance  with  Mr.  Wutt,  58 ; 
testimony  to  his  abilities,  originality,  and 
modesty,  58,  59,  368,  498,  and  note; 
dates  of  his  discoveries,  309,  310 ;  con- 
trasted with  Priestley,  311,  312;  his 
death,  516-518  ;  his  affluence,  and  disposal 
of  his  fortune,  181,  518. 

Blackfriars  Bridge,  288. 

Blaoden,  Dr.,  afterwards  Sir  Charles,  {see 
Paris,  and  Water,  Composition  of)  ; 
pursuit  of  Madame  Lavoisier,  514,  and  no^. 


BREWSTER. 

Bloomfield  engine,  264. 

Boiler  of  Savery's  engine,  149,  156;  of 
Newcomen's  engine,  65-67,  75,  78,  85, 86, 
155 ;  of  Mr.  Watt's  experimental  moddi^ 
80,  81,  177,  &c.  &c. 

Boiling  of  water  in  vacito  at  low  heats^  76, 
84,  499. 

Boll  at,  172. 

Bone,  miniature  enamel  of  Mr.  Watt, 
531. 

Bo'ness,  178, 183.    (8e€  BoRROwsTONEaB.) 

BoRDENTOWN  in  America,  437. 

Borings,  iron,  or  filings,  300,  301. 

BORROWSTONESS,  163, 165.    (See  Bo'mesb.) 

Bossut  mistakes  Papin's  claim,  134. 

*  Botanic  Garden,'  Darwin's,  quotatioo  from, 
393. 

BouLTON,  Matthew,  plate-manQ&ciory  and 
mint  at  Soho,  173,  174 ;  Tra&lgar  medal, 
f6. ;  purciiase  of  Dr.  Roebud^'s  share  of 
steam-engme  patent,  195,  196,  243,  244, 
283,  284,  noU,  285,  303,  304 ;  Mr.  Watt's 
letters  to,  on  nature  of  steam  aad  water, 
327,  &c. ;  his  death,  519 ;  notice  of  }um 
by  Mr.  Watt,  ib.  note ;  by  Mrs.  Schimmel- 
Penninck,  ib. ;  buried  in  Handswoirthcfaarcfa, 
521. 

BouLTON,  Matthew  Robinson,  anecdote  of 
Smeaton  and  Soho  machinery,  255,  256  ; 
management  of  the  Soho  buaineM,  403 ; 
new  partnership,  417 ;  robfaeiy  at  Sobo^ 
420-422. 

BoULTON,  Matthew  Piers  Watt»  Cambridfi 
Latin  prize  epigram,  *  Vthicttla  moqporw 

*  impulsa*  460  ;  translated,  460, 461 ;  por* 
trait  of  Watt  by  Lawrence,  532. 

BouLTON  and  Watt,  formation  of  original 
partnership  of,  255 ;  heads  of  artklea  of 
copartnership,  258,  259 ;  employ  Mr.  Peter 
Ewart,  289,  Mr.  Mnrdock,  424-426 ;  law- 
suits with  pirates  of  new  engine,  *  B.  wad  W. 

*  r.  Hornhlower  and  Maberly,'  and  '  B.  and 

*  W.  tJ.  Bull,'  58,  note,  64,  noU,  104>  401- 
416  ;  flexible  suction-pipe,  468. 

BouLTON,  Watt,  and  Co.,  manufactured  two 
of  Fulton's  boat-engines,  440. 

Bourne,  William,  436. 

Bow  engine,  257. 

Boyle,  Robert,  air-pump,  improved  by 
Hooke,  129. 

Bradley,  292. 

Bramah,  Joseph,  89,  413-415. 

Branca,  *  Le  Machine,'  108. 

Breadalrane,  Earl  of,  210. 

Breconshire,  Mr.  Watt's  estates  in,  484. 

Brewster,  Sir  David,  invents  micrometer 
with  moveable  object-^laas,  233;  admitH 
priority  of  La  Hire  and  Mr.  Watt,  233, 
234;  improvements  on  their  instroments, 
234 ;  opinion  as  to  Mr.  Watt's  prioritj, 
378 ;  his  candour,  ib,  $  edition  of  Robbon's 
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BRIDGE. 

lea]  Philosophy/  494,  495,  note; 

him  from  Mr.  Watt^  494-501. 

•lackfrian,  288. 

TER,  Duke  of,  438,  439. 

,171. 

29. 

i  Bridge,  acrow  the  Menai  Strait, 

,265. 

in  Shropshire,  252. 
I,  Lord,  notice  of  Dr.  W.  Small, 
.  Black's  discovery  of  Latent  Heat, 
1  note;  Cavendish's  ezperimentit, 
^•554;  opinion  as  to  Mr.  Watt's 

369,  544-554 ;  *  Natural  Theo- 
juoted,  373  ;  amendment  of  patent 
)3  ;  notice  of  Mr.  Watt,  515  ; 
cal  Note  on  the  Discovery  of  the 
lition  of  Water,'  544-554. 
fr.  Alexander,  conversation  with 
on  discovery  of  the  separate  con- 
18. 

James,  424,  note. 
,  Sir  William,  gold  medal,  460 ; 
y  M.  P.  W.  Boulton,  tb, ;  the  prize 
ion,  i&. 

\[acfarlan^8^  42. 
If,  George,  birthplace  of,  23. 
348. 

s  of  Vratislau,  352,  note, 
.y  *  a  stoker,'  404 ;    Boulton   and 

•6.,  405,  416. 
Ir.  Justice,  405. 
r,  399. 

imund,  opposes  renewal  of  patent, 
is  motives,  tb. ;   criticism  of  Dr. 
,  490;    denunciation  of   Messrs. 
,  jun.,  and  Cooper,  492,  493. 
'•Claver'seand,'511. 
Colonel,  516. 

I  call  to  be  a  bard,  32 ;  quotations 
,  fioto,  522. 
SE,  470. 
in  built  for  Lord,  47. 


C. 

n  of,  263. 

ill. 

nV  *  the,'  442.444. 

Watt  to  be  a  mechanical  philoso- 

{ ;  of  Bums  to  be  a  bard,  %b, ;  of 

:o  be  a  painter,  ih, 

E,  394. 

tE  Prize  Epigram  on  'Steam-car- 

'  460 ;  translation,  461. 

«el,  291,  292. 

[i,  Mrs.,  cousin  of  the  great  en- 

her  memoranda  of  the  Iwyhood  of 


CUANTRBT. 

James  Watt,  18,  19  ;  of  his  youthAiI  pur^ 
suits^  talents,  and  dispositions,  20-24. 

Campbell,  Thomas,  visit  to  Kinneil,  163; 
notice  of  Mr.  Watt,  515;  poem  on  tbt 
Steam>  engine,  t6. 

Campbelltown,  survey  for  canal  to,  213. 

Camper,  Professor  Peter,  385,  and  note. 

Canal  to  connect  Forth  and  Clyde,  172; 
Monkland,  planned  and  constructed  by  Mr. 
Watt,  202-207;  from  Perth  to  Cupar  of 
Angus,  survey  for,  209-211;  suggestion 
of,  in  Stratheam,  210,  211 ;  Borrowstoness, 
survey  for,  213  ;  Crinan  and  Tarbert,  t6. ; 
Macrihanlsh  Bay  to  Campbelltown,  •&. ; 
Hurlet  to  P^ley,  t6. ;  Caledonian,  213, 
221 ;  Forth  and  Clyde,  steam-boat  tried 
on,  438. 

Canova,  479. 

Carbonic  add  gas,  Black's  discovery  of, 
309. 

Carbon  Ironworks,  163-165;  boring-mills 
for  cannon  and  cylinders,  246 ;  passage  for 
Forth  and  Clyde  Canal,  172 ;  steam-engine 
constructed  at^  for  a  boat,  in  1789,  438. 

Carronades,  164,  ib.  note. 

Cartsburn,  barony  of,  4. 

Cartsdtke,  (or  Crawfordsdyke),  borgh  of 
barony,  4 ;  described  by  Hamilton  of 
Wishaw,  6 ;  population  of,  i&. ;  its  harbour, 
i6.;  'jetty' of,  12. 

Cartwriqht,  282. 

Cassel,  machine  of,  151 ;  edition  of  Papin's 
'  RecueU  '  printed  at,  133,  134,  138. 

Cassiorainian  telescope,  converted  into  a 
micrometer,  234. 

Caus.     {See  De  Caus.) 

Cavallo  and  Winch,  mode  of  forming 
caoutchouc  tubes,  466. 

Cavendish's,  Mr.,  dinner  and  conversation 
at,  385,  386.   {See  Water,  Composition 

OP.) 

*  Cavendishf  the  iilustrious  house  of,*  342. 

Cawlet,  John,  improved  Saveiys  engine, 
154;  associated  with  Savery  and  New* 
comen  in  patent,  ib. 

Cement,  for  joints  of  engines,  300, 301 ;  for 
hardening  plaster  patterns  for  sculpture 
machine,  475,  476,  note. 

Cenotaph  to  Dr.  W.  Small,  252-255. 

Centres,  combinations  of  motions  round, 
294,  295. 

Centrifugal  principle  of  Governor,  298; 
force,  regulator  by,  ib, 

Chacewateb  mine,  272. 

Chantret,  Sir  Francis,  an  angler,  26 ;  bust 
of  Murdock,  426 ;  trial  of  steam-naviga- 
tion, 444,  note;  works  of,  479;  statues 
and  buste  of  Watt,  433,  534-537 ;  caste 
of  ditto,  536  ;  copies  of  ditto,  in  ivory,  by 
Cheverton,  536,  537  ;  medal  of,  struck  for 
Art  Union,  obverse,  536,  note;  revcnti 
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CHAPEL. 

536 ;  his  woodcocks,  *  Wingod  Words  on,' 
536,  not^. 
Chapel,  monamental,  in  Handswoi-th  church, 
535. 

*  Chariot/  *  fiery/  of  Mr.  Watt's  invention, 

446. 
Charitable  acts,  433. 
Charles,  Landgrave  of  Hesse,  139, 151. 
Chemistry,  Mr.  WaU's  stady  of,  22,  307, 

308. 
Cheverton,  his  works  in  ivory,  479,  536. 
China  doset,  Mrs.  Watt  in  her,  486. 
Chinese,  281. 

*  Churoh  and  King,*  watch-word  of  Birming- 

ham mob  in  1791,395,491. 

Cicero,  388,  not€ ;  on  old  age,  520. 

Cinq  Mars,  d'Effiat,  letter  to  him  from  Ma- 
rion de  I'Orme,  124-126 ;  shown  to  be  a 
fabrication,  126,  127 ;  Tictims  to  the  hoax, 
127,  128. 

Circular  engine,  or  steam  wheel,  447. 

Clapton,  Priestley's  retirement  to,  896. 

Clark,  Report  on  channel  of  Clyde,  211. 

Clarke,  Mr.,  281. 

*  Claver'se  and  Burley/  511. 
Cleishbotham,  Jedediah,  511. 

<  Clerks/  <The  Three,'  quotation  from, 
271. 

*  Clermont,'  •  the,'  440. 
Cupton,  429. 

Clock,  moved  by  a  steam-engine,  298. 

Clocks,  various,  bvented  by  Dr.  Small, 
223-225. 

Clockwork,  of  Counter,  296. 

Club,  the  Watt,  of  Greenock,  11 ;  Glasgow 
University,  or  Philosophical,  310  ;  of  Royal 
Society,  385-388 ;  *  an  academic/  387  ;  of 
the  Jacobins,  493. 

Clutterbuck,  Captain,  511. 

Clyde,  Frith  of,  5,  11, 12. 

,  bridge  over,  at  Hamilton,  211  ;  Report 
on  channel  of,  t6. ;  immense  improve- 
ment of  its  navigation,  211,  212 ;  and  in- 
crease of  its  shipping,  212,  213. 

Cochrane,  Mr.,  302,  note, 

Coleridge,  remark  on  a  steam-engine,  2 ; 
quotation  from,  512. 

COLLAS,  glyptic  machine,  479. 

Combustion  of  gases  by  the  electric  spark, 
314,  315  note,  316  note,  328-330,  393. 

*  Comet,'  *  the,'  steamer  on  the  Clyde,  441, 

442. 

Common  Pleas,  Court  of,  404, 406. 

Commons,  House  of,  in  1767,  Mr.  Watt's 
opinion  of,  172. 

Composition,  of  water,  (^see  Water)  ;  of 
lights  384. 

Conclusions,  of  Mr.  Watt  as  to  composition 
of  water,  328-331 ;  of  Cavendish,  319- 
822 ;  of  Lavoisier,  322,  323  ;  of  Monge, 
824,325.  (iS!0»  Water,  Composition  OK.) 


CUSTINE. 

Condensation  of  steam,  anecdote  of  Watt's 

early  observation  of,  21. 
Condenser,  separate,  discovery  of,  59,  293, 

409. 
CONDORCET,  388. 

Configuration,  crystalline,  of  bodies,  322. 

Constituents,  ponderable,  of  bodies,  322. 

Consumption  of  smoke,  Patent  for,  303- 
306. 

Cooper,  Thomas,  his  sympathies  with  French 
revolutionists,  492,  493;  Burke's  denun- 
ciation of  him,  %b. 

Copartnebship,  original,  of  Boolton  and 
Watt,  417  ;  renewed  by  sons,  417-419. 

Copley  medal,  Priestley's,  311. 

Copying-machine  for  letters  and  drawings, 
273-278  ;  either  by  rolling-press  or  screw- 
press,  277  ;  portable  form  of  it,  278  ;  pro- 
cess of,  276,  277  ;  utility  of,  277. 

Corneille,  388. 

Cornish  miners  296. 

Cornwall,  engines  wanted  in,  256,  257; 
amusing  description  of  one  of  the  first 
erected  in,  269  ;  291. 

CORREGGIO,  479. 

Costello,  Miss  Louisa  Stuart,  letter  of  Ma- 
rion de  rOrme  published  by  her,  123- 
126;  a  fabrication,  126;  victims  of  the 
hoax,  127,  128. 

Costs,  bill  of,  402. 

Counter,  the,  invented  by  Mr.  Watt,  296 ; 
its  construction,  i6. 

Court  of  Common  Pleas,  404,  406. 

Crabtree,  corresponds  with  Gasooigne  and 
Horrockes  on  invention  of  micnnnetcr, 
236. 

Craig,  John,  Mr.  Watt's  partnerriiip  with, 
44,  45 ;  his  death,  45. 

,  Mr.,  architect,  68. 

Crank,  piracy  of  its  application,  279,  282  ; 
its  true  inventor,  281 ;  its  advantages,  283, 
503. 

Crawfordsdyke,  (or  Cartsdyke),  burgh  of 
barony,  4 ;  shipping  of,  in  1700,  i6. 

Creightons,  the  two,  424. 

Crell,  Dr.  Lorenz,  •  Chemische  Annalen,' 
346,  note;  Blagden's  letter  to,  346-348. 

Cronstadt,  408. 

Croy  Leckie,  an  estate  of  Mr.  John  Muir- 
heid,  16. 

Crystalline  configuration  of  bodies,  322. 

Cullen,  Dr.,  his  experiments  on  boiling  of 
water,  76,  84 ;  m  vacuo,  499. 

CUMMiNG,  Alexander,  F.R.S.,  his  works,  and 
musical  mechanism,  47  ;  evidenoe  given  by, 
404,  413. 

Cumnock,  Old,  424. 

Cunningham,  Allan,  420. 

Cupar  of  Angus,  survey  for  canal  from 
P^rth  to,  209-211. 

CUBTINS,  Marquis  df,  398. 
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OUYIEB. 


-CuviER,  317,  344. 

Cylinder,  59,  6G-68,  70,   72,  75,  &c. ; 

joints  of,  mode  of  tightening,  300,  301  ; 

inrerted,  88,  89. 


D. 


Dadlet,  Mr.,  258. 
lyAliEMBERT,  47. 

PAliMMK,  M.,  his  project  of  a  iteam-roachine, 

159. 
Dalmabnock,  on  the  Clyde,  468. 
Dalswinton,  438  ;  Loch,  ib, 
Daltoh,  '  New  System  of  Chemical  Philo- 

*  topbj,*  opinion  as  to  Mr.  Watt's  priority, 
S69,  370. 

Daute,  quotations  from,  417,  434,  443, 
487. 

Dakton,  dael  with  Robespierre  prevented  by 
Mr.  J.  Watt,  Junr.,  492. 

Dabtmouth,  268. 

Darwik,  Dr.,  makes  acqaaintance  with  Mr. 
Watt,  172,  173,  178  ;  his  epitaph  on  Dr. 
W.  Smallf  254;  his  remarks  on  Russia, 
263 ;  his  duplex  pen  or  bigrapher,  273  ; 

I  his  'Limar  Society'  speculations,  391- 
393. 

Dates,  errors  in,  343-345.  {See  Water, 
Composition  of.) 

DaYIES,  Mr.  James,  of  Moorcourt,  Hereford- 
shire, 485. 

Davt,  Sir  Humphry,  an  angler,  26  ;  his 
opinioo  of  Mr.  Watt  as  a  chemist,  308 ; 

*  Pneomatic  Institntion/  429.  {See  Water, 
Composition  of.) 

Dat,  Thomas,  Keir^s  account  of  his  Life  and 
Writings,  179;  his  epitaph  on  Dr.  W. 
Small,  254,  255. 

Dead,  mansions  of  the,  248. 

Death  of  friends,  and  reflections  thereon, 
241,248,249,516,519. 

Dm  Caxts,  Solomon,  his  contrivance  for  mak- 
ing water  spout  by  steam,  1 1 1 ,  149 ;  its  nse- 
lesaness,  •&. ;  his  various  publications,  122  ; 
bis  claims  as  compared  with  those  of  the 
Marquis  of  Worcester,  123;  fabricated 
letter  of  Marion  de  I'Orme,  124,  126  ;  ex- 
posed, 126,  127,  436  ;  victims  to  the  hoax, 
127,  128. 

Delambre,  account  of  astronomical  instra- 
ments  made  by  Sisson,  92,  note. 

Delessert,  M.  Benjamin,  399,  482,  483 ; 
Elm  of,  by  Flourens,  482. 

De  lOrme,  Marion,  her  character,  124; 
letter  from  her  to  Cinq  Mars,  124-126 ; 
shown  to  be  a  fabrication,  126,  127. 

De  Lug,  M.,  his  report  of  performance  of 
Perriei's  engines,  266 ;  Mr.  Watt's  letters 
to,  304,  395 ;  on  composition  of  water, 
3S8-330,  335,  336,  342,   343;  curious 


DUDLET. 

error  of  the  press  in  that  of  26th  Nov., 
1783,  as  printed  in  Phil.  Trans.,  343 ;  his 
letters  to  Mr.  Watt,  339-341 ;  his  evidence, 
404,  413  ;  death,  519 ;  notice  of  him  by 
Mr.  Watt,  519,  note, 

*  Dente  Aureo,'  <  Traotatus  de,'  352,  iiof#. 

*  Dephlooisticated  acid  of  sea-salt,'  399. 
air,  320,  321. 

Derbt,  391. 

Derbyshire,  mine,  in  want  of  engine,  256. 

Derham,  on  invention  of  the  micrometar, 
236. 

Desaguliers,  67,  75  ;  error  in  his  calcaU- 
tion  of  the  bulk  of  steam,  76-83  ;  account 
of  Savery's  engine,  153,  154;  of  New- 
comen  and  Cawley's,  154,  156,  157;  of 
his  own,  158 ;  date  of  publication  of  his 
work,  154,  397,  note,  398. 

Descartes,  his  conjecture  as  to  pressure  of 
atmosphere,  129. 

Despreaux,  388. 

«  Devil,'  *  The  little,'  421,  422. 

Devonshire,  Duke  of,  318. 

Dick,  Professor,  34 ;  recommends  Mr.  Wait 
to  go  to  London,  ib.;  employs  him  to 
repair  astronomical  instruments,  42;  his 
death,  43,  60,  note ;  character,  61,  309. 

<  Discoverer,  the  first,*  of  composition  of 
water,  348 ;« the  last,*  354.  (See  Wateb, 
Composition  op.) 

Discoverers,  great,  their  modesty,  106. 

Discovery,  Mr.  Watt's,  of  separate  con- 
denser, 58,  59,  65-69,  75-82,  83-91 ;  «f 
Composition  of  Water,  {see  Water)  ; 
Newton's,  of  Composition  of  Light,  384. 

Dividing-machine,  invented  by  Watt,  225 ; 
its  accuracy,  226. 

DiviDiNQ-sOREW,  invented  by  Watt,  225; 
its  accuracy,  225,  226. 

'  DrvtNE  Philosophy,'  48,  509. 

Doctor  of  Laws,  Mr.  Watt,  of  Glasgow 
University,  530. 

Dolcoath  mine,  272. 

DoLDOWLOD,  farm-house  of,  484;  modem 
mansion  of,  ib. 

DoLLOND,  saleable  alterations  of  Hadley's 
quadrant,  226 ;  Patent  for  achromatic 
lenses,  227  ;  attestation  as  to  Maskelyne's 
prismatic  micrometer,  237. 

Domicile,  Mr.  Watt's  change  of,  260. 

DoRiNQius,  D.  Michael,  352,  note. 

Double-acting  engine,  285. 

Double  engine,  285. 

Dover,  railway  proposed  to,  (1813),  459. 

Drachm,  proposed  philosophical,  389. 

Drawing  maichine,  50-56. 

Drum,  Laganna,  216. 

Ducoux,  Dr.,  134-137. 

Ductility  of  metals,  322. 

DuDLBT,  Dad,  <Mettalliim  Martis,'  16&, 
not4, 
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DULONO. 

DuLONO,  corrected  by  Dumns,  S76. 

Dumas,  M.  J.,  opinion  as  to  Mr.  Watfs  pri- 
ority, 376,  377. 

Dumbarton,  172. 

DuMBUCK,  on  the  Clyde,  11. 

Dumfries,  Smeaton  employed  by  magistiHtes 
of,  171, 

DUMrRIESSHIRE,  439. 

DuNDAS,  Lord,  438. 

<  DUNDAB,'  the  *  Charlotte,'  438. 

DUPIN,  M.  Charles,  425. 

Du  QUET,  436. 

Durham,  268. 


E. 


Earl  of  Liverpool,  mistake  as  to  Mr. 
Watt's  politics,  491  ;  correction  of  it, 
491-494  ;  his  character  of  Mr.  Watt, 
880;  attendance  at  public  meeting  in 
1824,  522. 

Eddvstone  Lighthouse,  171. 

Edgeworth,  Mr.,  and  *  Lunar  Society,'  391  ; 
interest  in  *  pneumatic  medicines,'  429  ; 
steam-carriages,  446 ;  prediclion  of  railroads, 
459  ;  iron  tunnel  across  Menai  Strait,  505- 
508. 

*  Edinbuboh  Philosophical  Journal,'  account 

of  flexible  water-pipe,  468. 
EoiKBUBaH,  railway  proposed  to,  (1813), 

459. 
Eduction-pipe   of  improved  engine,   79, 

88. 
Egypt,  ancient  chemists  of,  394. 
Egyptian  head,  carved  by  Mr.  Watt^  473. 
Electric   spark,   combustion   of   gases   by 

the,  314,  315,  note,  316,  note,  328-330^ 

393. 
Electrical  Machine,  constructed  by  Mr. 

Watt,  22. 
Element,  water  an,  327  ;  air  and  water  no 

longer  elements,  329.     {See  Water,  Coh- 

posrrjON  op.) 
Elementary  heat  and  light,  331. 
'  Elements  of  Chemistry,'  Graham's,  322  ; 

Lavoisier's,  393. 
Elephant,  truuk  of,  steam-engine  compared 

to,  525. 
Elizabeth,  Princess,  of  England,  employed 

Solomon  de  Caus,  122. 
Ellioot,  Mr.,  437. 
Empyreal  air,  392. 

*  Encyclop-«dia    Britannica,'    1797,    art. 

*  Water,'  opinion  as  to  Mr.  Watt's  pri- 
ority, 369 ;  Edinburgh,  279. 

Endriok,  the  Water  of,  172. 

Engineer,  Civil,  Mr.  Watt's  works  as  a, 
172,  202-221. 

JSnoinbers,  Civil,  rate  of  remuneration  of, 
221,  222. 


flowers. 

Engine,  clerical,  generating  perpetual  mo- 
tion, 503,  505. 

Engines,  *of  motion,'  132;  pumping  and 
blowing,  423  ;  roUtive,  423,  424. 

Engine,  (steam),  expansive,  285-287 ; 
double-acting,  288,  289  ;  double  or  com- 
pound, 289  ;  rotative,  290.  {See  New- 
COMEN,  Savery,  Watt,  Papin,  &c,) 

Engine-tenders,  299. 

Epigram,  Latin  prize,  on  steam-carriages, 
460,461. 

Equalisers,  285-287;  eleven  varieties  of, 
287. 

EULER,  47. 

Euripides,  quotation  from,  251,  and  note, 

Europe,  battles  of,  fought  by  the  steam- 
engine,  525. 

Eyans's  Mill,  *a  gentlemanly  mill,'  401. 

*  Evenings  at  home,'  486,  487. 

Ewart,  Peter,  first  employment  by  Boulton 
and  Watt,  289;  his  abilities,  424;  aids 
the  sculpture-machine,  471. 

Expansive  power  of  steam,  71,  285,  286. 

Eye,  human,  on  Mr.  Watt's  seal,  481. 

Eyre,  Lord  Chief  Justice,  404,  405,  411. 
413. 


F. 


Fac-SIMILE  of  John  Watt's  Survey  of  the 
Clyde,  published  by  the  Watt  Club,  11; 
of  erroneous  title-page  prefixed  to  Caven- 
dish's memoir  of  1784,  344. 

*  Factitious  Airs,'  429,  note, 
Falmouth,  railway  proposed  to,  (1813),  459. 
Faraday,   Dr.,  his  letter  on  the   *  Water 

*  Controverey,'  384. 
Farey,  *  Treatise  on  the  Steam-engine,'  155, 
246  ;  does  justice  to  Papin,  134. 

*  Fasciculus,*    or    •  Recueil,'    of  some    of 

Papin's  treatises,  its  rarity  and  contents, 

133,  136-139. 
Faujas.    {See  St.  Fond.) 
Fausts,  Dr.,  105. 

Feasts,  scientific,  385-388,  399,  401. 
Ferguson,  the  aBtronomical  herd-boy,  29  ; 

date  of  Dr.  Black's  death,  309,  note. 
Field-sports,  not  practised  by  Mr.  Watt, 

26,  485. 
Filings,  iron,  300,  301. 
Finden,  Edward,  his  portrait  of  Mr.  Watt, 

534. 
Fitch,  Mr.  John,  437. 
Fitzgerald,  281. 
Fleming,  the  Rev.   Professor,  of  Glasgow 

College,  93,  note ;  and  532. 
Flexible  water-pipe,  468. 
Flourens,   Eloge    of   Benjamin   Delessert, 

482. 
Flowers,  Mr.  Watt's  fondness  for,  486. 
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FLUTES. 

Flutes,  made  by  Mr.  Watt,  47. 

*  Fly-wheels  to  machinery,*  428. 
FONTENELLE,  qnotation  from,  352,  not€. 
Foot-lathe,  281,  282. 

*  FosKHva '  water  from  Cornish  mines,  270. 
Forth  and  Clyde  Canal,  steam-boat  tried  on, 

438. 
— ,  Gadie,  and  Devon,  survey  of,  213. 
FoBT  William  and  Inverness,  (Caledonian), 

Canal,  213,  221. 
FOTHEROILL,  Mr.  Boulton's  partner  at  Soho, 

173. 
FoitLis  edition  of  Homer,  33,  34, 
FouROBor,  369,  399. 
Fox,  Mr.,  342. 

FltAKCE,  grant  of  exdusive  privilege  in,  265. 
— ,  Institute  of,  Mr.  Watt  a  Correspondent 

of  tlie,  530  ;   one  of  the  eight  Foreign 

Associates  of,  ib, 
Frahecker,  in  Friesland,  385. 
Frankux,  Benjamin,  250. 
Fbeemasons'  Hall,   public  meeting  at,   in 

1824,  301,  note, 
•Friend,'   *The  Miner's,'   (^see    Savery), 

147-153. 
Fruits,  their  ripening  and  fall,  486. 
Fruit-trees,  Mr.  Watt's  interest  in,  486. 
Fuel,  economy  of,  307  ;  *  Method  of  lessening 

'consumption  of,'   Patent  for,  180,   243, 

404-4 1 6,  &c. ;  consumption  of  smoke  and 

saving  of.  Patent  for,  303-306. 
FULGBER,    Life    of  Thomas   Gainsborough, 

R.A.,  102,  note;   story  about   Humphry 

Gainsborough,  102, 103 ;  its  groundlessness, 

103-105. 
Fulton,   Robert,  tries  Symington's  steam- 
boat, 439 ;   applies  to   Soho  for  engines, 

439,  440. 
FuRNAU  and  Ashton,  Messrs.,  438. 
Fust,  his  magical  typography,  274. 


a. 


Gainsborough,  Humphry,  his  pursuits  and 
fanciet,  102,  103;  story  told  of  his  experi- 
ments, 103-105 ;  conceit  of  his  own  per- 
formances, 106. 

-^— ,  John,  « Scheming  Jack,'  102  ;  his  at- 
tempt at  flying,  ib, 

— -,  Thomas,  R.A.,  Life  of,  by  Fulcher, 
102,  note. 

Galileo,  discoveries  as  to  vacuum,  and  the 
atmosphere,  129  ;  year  of  his  death,  ib, 

G ALTON,  Mr.,  391. 

Garbett,  Mr.  Samuel,  162. 

Gardner,  (or  Gardiner),  Alexander,  45. 

,  David,  45. 
,  John,  45,  278. 

*  Garret,'  the  dasupal,  at  Heathfield,  480, 
487. 


graces. 

Gas,  atmospheric,  392  ;  aqueous,  ib,,  393. 
• ,   carbonic   acid,    Black's  discovery   of, 

309  ;    oxygen,    Priestley's    discovery   of, 

310.    {See  Water,  Composition  of.) 
,  inflammable,  313-316  ;  hydrogrti,  357- 

301.    (^tfe  Water,  Composition  OF.) 
Gasooione,  the  true  inventor  of  the  micro* 

meter,  236  ;  his  correspondence,  ib, ;  killed 

at  Marston  Moor,  ib. 
Gases,  combustion  of,  by  the  electric  spark, 

314,  315,  note,  316,  note,  328-330,  393. 

{See  Water,  Composition  of.) 
Gauge,  steam,  298,  299. 
George  IV.,  438  ;  his  steam  pleasure-yacht, 

t6. ;  sentiments  as  to  Mr.  Watt's  merits, 

522 ;    subscription  to  Mr.  Watt's  monu- 
ment in  Westminster  Abbey,  t6. 
Gerbert,  (Pope  Sylvester  II.),  his  hydraulic 

organ  blown  by  steam,  109. 
German  weights,  389. 
Germany,  share  in  progress  of  atmospheric 

engine,  130. 
Gibbon,   Edward,  opinion   of  the  Glasgow 

Homer,  33  ;  story  of  Anthemius  and  Zeuo, 

109. 
Gilbert,  Mr.  J.  Graham,  portrait  of  Mr. 

Watt,  533. 
GiMCRACK,  223,  225,  239. 
GiRONDiNS,  Mr.  J.  Watt,  Junr.,  sympathises 

with  them,  492. 
Glasgow,  bridges  over  the   Clyde  at,  11 ; 

immense  increase  of  trade,  212 ;  railway  to, 

proposed,  (1813),  459. 

*  Glasgow,'  « the,'  442. 

College,  the   Professors   of,  make  ao 

quaintance  with  young  Watt,  33  ;  employ 
and  protect  him,  41-43  ;  assign  him  rooms, 
and  appoint  him  mathematical-instrument- 
maker  to  the  University,  ib, 

—  Homer,  33,  34 ;   praised  by  Harwood, 
Gibbon,  and  Winckelmann,  33. 

,  Port,  5. 
,  University  and  College  of.  Prize  founded 

in,  by  Mr.  Watt,  430-432. 

University  Club,  310. 

'  Water* works,  articulated  suction-pipe 

contrived  by  Mr.  Watt  for,  468. 
Glover,  Mr.,  256. 
Glyptes,  470. 
Glyptic  machine,  470. 
Golborne,  Report  on  channel  of  Clyde,  211. 

*  Golden  tooth,'  *  the,'  352,  and  note, 
Gombleton,  165,  note, 

Goth,  281. 

*  Gourmands,'  *  Alnoanach  des,'  388. 
Government,  the,  395,  522 ;  the  French, 

.397. 
Governor,  the,  297  ;  application  of  to  the 

steam-engine,   298  ;    its  efficacy,  ih, ;   its 

*  gentle  energy,'  469. 
Graces,  the,  388. 
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CttAHAM. 

Qrahax,  ProfBMor,  on  duckilitj  of  metaU, 

323. 
Qkaih,  propoted  philotophica),  390. 
Grav^  the  silent,  24t ;  the  silent  mansions 

of  the,  242. 
Qrayimbtsr  for  liquids,  465,  466. 
Oravitt,  specific,  of  liquids,  instnuMni  for 

measuring,  465,  466. 
Gray,  quotation  from  Ode  to  Eton  College, 

486. 
Gbbasb,  eaten  bj  Cornish  enginemen,  271. 
GRKAT-ORAirDFATHBR  of  James  Watt,  3 ; 
lived    in    Aberdeenshire,    •&.;    killed    in 
batti^•6. 

Gbbek,  281. 

Oexem,  Mr.,  reodves  premium  for  his  mi- 
opomeier,  although  subsequent  to  Mr. 
Wattfs,  and  the  same  in  principle,  231. 

— ,  a  workman  employed  by  Mr.  Watt,  470. 

— —  of  Ghtfgow,  the,  82,  noU. 

Grekhock,  4 ;  erected  into  a  burgh  of 
barony,  ib. ;  shipping  of,  in  1700,  ib. ; 
described  by  Hamilton  of  Wishaw,  5; 
population  of,  f&. ;  mansion-house  and 
parks  of,  6,  28,  29 ;  harbour,  12 ;  birth- 
place of  James  Watt,  17,  433;  plans  for 
water-works  at,  213  ;  '  the  Comet^'  441 ; 
back-stroke  of  engine^  442. 

— -  Library,  Mr.  WaU*s  donation  to,  432  ; 
statue  by  Chantrey  in,  433. 

Gbeoobian  telescope^  converted  into  a  mi- 
crometer, 234. 

Grboobt,  Dr.  Olinthus,  406. 

GREViiJiE,  the  Hon.  C,  489. 

GUERIGKE,  Otto  de,  invention  of  an  air- 
pump,  129  ;  his  '  Experimenta  nova  Mag- 
'debnigica,'  129,130;  cylinder  wiihpached 
piston  and  rod,  130 ;  his  share  in  progress 
towards  the  atmospheric  fire-engine,  155. 

GniDB,  or  gukling,  point,  of  sculpture  ma- 
chine, 475,  480. 

GuiDO,  479. 

Guitars,  made  by  Mr.  Watt,  47. 

GULIGLMINI,  Dominiqne,  139. 

GuifPOWDBR,  used    by   Papin    to  form    a 
131-140;     but    unsoooessfully, 


141 ;  iU  waste  in  war,  217. 


H.M.S.  *  Jamrs  Watt,'  444 ;  her  engines, 
and  screw-propeller,  t6.  nots. 

Haohrtte,  M.,  137. 

HADLET't  quadrant,  invented  by  Newton, 
226,227. 

Hallet,  Dr.,  suppressed  Newton's  commu- 
nication of  hia  invention  of  Hadle/s 
quadrant,  227. 

Hallowrbn,  7,  nots, 

Hasoltov,  bridge  over  Clyde  at,  211. 


Hamilton,  Duke  of,  ooDicnss  sft  Berrw- 
stoneaa,  165. 

,   Mr.    GUbeil,   hh.,  314^  S7S,  39, 

note  ;  his  death  and  character,  432,  ask. 

,  Mr.  Gilbert,  jun.,  424,  asCr. 

,  of  Wishaw,   dewaiption  of  Oiiii  k 

and    Cartadyke,    5,    6;    acoooBt  sf  ths 

Muiibends  of  Lachop^  14,  aote. 
Hammer,  steam-tilt,  291. 
Hakdsworth  Church,  Mr.  Booila  \mnd 

in,  426,  521 ;   monumeat  to  Moidsck  ii, 

426 ;  to  Mr.  Watt  in,  521,  524,  SSS. 

Heath,  *  L'Hdtd  de  I'Amititf '  at,  171. 

Happotrsb,   true,  Addison's  dssoqrtisi  d, 

485  486 
Haroourt,'  Rer.  W.  V.,  319,  870474. 
«  Hare,'  «  a  new,*  295,  485. 
Harp,  principles  of,  514. 
Harrison's  time-pieoe,  obaei  i  sliiM  Isr  trisi 

of,  62 ;  suoceas  of,  228. 
Hart,  Mr.  John,  report  of  Mr.  Wtfti 

versation  as  to  the  discovery  sf  the 

rate  condenser,  82. 
,  Mr.    Robert,  aoooont  of  Mr.  WatTf 

house  in  King  Street,  Glasgow,  50. 
Hartley  CollMrj,  280,  281. 

,  Report  on  channel  of  Clyd%  111. 

Hartlib,  letter  to,  on  '  EngkisisfMotioa,* 

132. 
Harwood,   Dr.,    opinioo    of  Iht  Glsiffv 

Homer,  33. 
Hasbenfratz,  399,  482. 
Hatchett,  Mr.  Charles,  his  eiamiasttsa  d 

Cavendish's  MSS.,  318. 
Hatelt,  Joseph,  discfaaiged  firm  Dr.  Rse- 

bock's  service,  99,  moU ;   hk  sohaiqafli 

conduct,  ib, 
HAttr,  the  Abbe,  4a2. 
Heat,  waste  of,  in  Kewoomcn*s  s^ia^  SI, 

86,  87  ;  Mr.  Watt's  investifBtMa  eC  M^ 

65-73,  &c.,  and  307  ;  specific  aad  kHal, 

309,  310  ;  a  compound?  392. 

,  latent^  of  stnm*  78,  166 ;  disuiieid 

and  published  bj  Dr.  Black,  85. 
Heath,  Mr.  Justice,  405. 
Hbathfield,  near  Binnia^am,  Mr.  Wati*i 

residence,  514. 
Heaver,  hope  of  quiet  in,  SOS. 
Helmstad,  UnirerBttj  of,  352,  aste. 
Hevlet-vfon-Thameb,  103,  105u 
Hehhino,    Mr.   John,  hk    diawiigi,  fli 

enamel  casta,  of  Mr.  Watt,  S33,  534. 
Hekrt,  Dr.  William,  hk  lettar  aad  e|WB 

as  to  Mr.  Watt's  priority,  371-374;  lii 

intended  *  History  of  ChemistrT,*  S73. 
,  Dr.  William  Charlea,  ooofiiwlNBtf 

his  ftthei^s  opinioo  as  to  Mr.  WaMT ■  |» 

ority,  373,  374. 

Measis.,  of  MandMslw;  400. 
Prince  of  Walts,  «nploj«d  SalHMi* 

Cans,  122.  ' 
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hergulakeum. 

Hebcctlaneum,  517. 

Hkrd's  House,  the,  (in  Glasgow  Green),  83. 

Hjcbo^  of  Alexandria,  107-8  ;  his  *  Pneumt- 
*tica,'or  *  Spiritalia,' 16. 

HKB8CHEL,  Sir  WilliADi,  404, 413,  472. 

,  Sir  J.  F,  W.,  Newton's  invention  of 
*  Hadley's  quadrant,'  227 ;  history  of 
inrention  of  micrometer,  236,  237. 

HiLTQir,  Jade  of,  (an  JBolipile),  108,  and 
109»  noU. 

Hire,  M.  de  la,  his  micrometers,  233-235 ; 
hmtarj  of  the  invention  of  the  micro- 
meter, 234,  235 ;  his  remarks  on  the  pro- 
jpress  of  invention,  235  ;  and  collection  of 
pkiloeophical  treatises,  235,  236. 

Hutobical  Note  on  the  Discovery  of  the 
Composition  of  Water,  hy  Lord  Brougham, 

■         sketch  of  the  steam-engine,  107-160. 

BOBBY-HOR8E,  468-505. 

HOBBT -HORSES,  stable  of,  polled  down,  303 ; 

given  to  dogs  for  carrion,  »6. 
Ekn^THBAD,  railway  proposed  to,  (1813), 

459. 
Homer,  Fonlis  edition,   33,  34;   Odyssey, 

qaotatioDs  from,  435,  439. 
HORNBLOWER  and  Bull,  Boulton  and  Watt 

v.,  404,  405,  416. 
—  and  Maberly,   Boulton   and  Watt  v., 

404-416. 
H0RNB]:X)WER*8  engine,  401. 
HORKBLOWERS, '  Homers,'  or  '  Trumpeters,' 

Tiz.,   Jonathan,   404-406;    Jethro,  405; 

Jesse,  ib, ;  Jabez  the  elder,  16. ;  Jabex  the 

younger,  ib. 
HORNBLOWER,    Jabes,    his    piracy  of   Mr. 

Watt's  invention,  104;  his  subsequent  con- 
duct, ib, 
HORROCKES,  corresponds  with  Gascoigne  and 

Crabtree  on  invention  of  the  micrometer, 

236. 
*  HoRSE-FOWER,'  first  employed  as  measure 

of  steam-power  by  Saveiy,   153;   More- 
land's  comparison   of  horses  and  steam, 

152, 153. 
■  of  engines,   nominal  and  real,    423, 

424. 
HORSTius,  352,  note. 
House  of  Commons,  British,  Burke's  de- 

nandatioii  of  Messrs.  J.  Watt,  jun.,  and 

Cooper  in,  492. 
Hug,  I'Abh^  steam-carriage  and    boat    in 

China,  445-6. 
HUDSOV,  Mr.,  his  ezamination  of  Cavendish's 

MSS.,  818. 
— — ,  the  river,  440. 
HnOEMiAN  telescope,  386. 
Hull,  experiments  on  steam  navigation  at, 

438. 
Hulls,  Jonathan,  437. 
HuilBOL]>T,.<ComoB,'  31,  237,  note. 


JART. 
HuNTERiAN  Museum,  in  Glasgow  College, 

HuRDY-GuRDy,  the  monochord  of  Pytha- 
goras, 514. 

Hurst,  Mr.,  254. 

HuTTON,  Dr.,  245. 

HUYOENS,  his  micrometer  with  fixed  virgula^ 
235. 

Hydrogen  gas,  313,  358,  360,  393,  394. 
{See  Water,  Composition  of.) 


I. 

lOONOOLYPTA,  470. 
ICONOPOIA,  470, 

Iconuroa,  470. 

Imaqination,  Mr.  Watt's  powers  of,  20; 

'  enlisted  under  banners  of  science,'  392. 
Indian,  281. 
Indicator,  steam,  299,  300 ;  iU  oonstnio 

tion,  ib. 
Inflammable  gas,  313. 
Inoolsteterus,  352,  note. 
Injection,  condensation  by,  409. 
Inquisition  in  Spain,  398. 
Institute,  National,  of  France,  Mr.  Watt  a 

Correspondent  of,  530;  one  of  the  eight 

Foreign  Associates  of,  t6. 

*  Instrumenta  artis  nostne,'  488. 

*  Inventions,'  *  A  Century  of,'  extracts  from, 

111-114,  118,  119. 

Invention,  spirit  of,  271. 

Inventiveness,  mechanical  faculty  of,  301. 

Inventors,  honour  paid  to  them  by  the 
ancients,  2  ;  protection  of,  403 ;  Mr.  Watt 
placed  St  the  head  of  all,  vii,  301. 

INVERNESS,  (Caledonian),  Canal,  213,  221. 

Iron  borings,  cement  of;  300,  301. 

Irvine,  Dr.,  278. 

Israel,  270. 

Ithon,  the,  a  tributary  of  the  Wye,  484. 


J. 


Jackson,  J.,  R.A.,  his  drawings  of  Mr.  Watt, 

534. 
Jacobinism,  Robison's  detestation  of,  494. 
Jacobins,  Mr.  J.  Watt,  jun.  sympathises 

with  them,  492. 

*  Jahux,  dee,*  341. 

Jamaica,  astronomical  instmments  brought 
from,  41. 

*  Jambs  Watt,'  H3f  .S.,  444 ;  her  engines 

and  screw-propeller,  t6.,  note, 
Jardine,    Professor,    of  Glasgow  College, 

161,  165 ;  urges  completion  of  tha  new 

engine,  177,  178  ;  witnessed  its  sooocssful 

peHbrmance,  187. 
Jary,  M.,  265. 
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JEFTEBSON. 

Jrffebson,  Tbomflft,  250. 

JsFF&ET,  Lord,  optnioQ  wt  to  Mr.  Wattes 

prioritjr,  378,  879 ;  chancter  of  Mr.  Watt, 

525-530. 
Jenner,  429. 
Jew's  harp,  513. 
JOBHSON,  Dr.  ^muel,  his  ttudj  of  Datdi, 

490;    Prefiftoe    to    Dictionary,  quotatioD 

from,  322. 

,  Mr.,  of  Kenilworth,  391. 

Jordan,  Dr.,  165,  note. 

JOUFFROY,  Marquis,  437. 

Journal,  Edinburgh  Philosophical,  468. 

Judges,  opmions  of,  in  Boulton  and  Watt  v. 

Boll,  404,  405,  416 ;  in  Boulton  and  WaU 

r.  Homblower  and  Maberlj,  406,  416. 


K. 


Kaltoff,  Caspar,  employed  by  the  Marquis 

of  Worcester,  116. 
Keir,   Captain,  his  character  and  literary 

works,  178,  179,  391 ;  translator  of  Mao- 

quer,  313. 
Kempis,  Thomas  k,  in  Dutch,  490. 
Kenilworth,  391. 

Kentioern,  patron  saint  of  Glasgow,  213. 
Kbnyon,  Lord,  409. 
Kepler,   *  Account   of   Astronomical   Dis- 

•coreiies  of,'  by  Dr.  R.  Small,  249. 
Kew,  Sir  R.  PhillipsT  « Morning  Walk  to,' 

459. 
KiLLEARN,  parish  of,  16. 
Kino's    Bench,    Prison,    406 ;    Court    of, 

409. 
KiNNEiL,  mansion-house  of,  163,  170. 
,  trial   of  engine  at,   183,    190,   191, 

193 ;  new  engine  removed  from,  to  Soho, 

245. 
KiRWAN,  Mr.,  337-339,  362,  389. 
Knowledge,  Mr.  Watt's  stores  of,  63,  64, 

511,  513,  526-528. 
Knowles,  Admiral  Sir  Charles,  62. 


'  Labores,  sudores,  vigilias,'  488. 

Lafond,  Sigaud  de,  313. 

La  Fontaine,  388. 

Lagan  na  Drum,  216. 

Lamps,  four  new  sorts  of,  inyented  by  Mr. 

Watt,  462-465;  Heir's,  16. 
Landgrave,  the,  Charles  of  Hesse  Cassel, 

139,  151. 
Landriani,  Chevalier,  recipe  for  elastic  resin 

tubes  offered  to,  466. 
Langdale,  Mr.,  257. 
Language,  universal,  391. 
La  Place,  De,  336,  369,  389,  482. 


La  Rocbe.  Madame,  letter  hm^4S^4Mi, 

and  noto. 
Latih  epigrmm  on  sUam-carriifa^  *  FsMak 

'  VI  wxporis  mq>%Usa^  460. 

*  Laurels  never  sere,'  509  ;  additwul,  M. 
Lavoisier,  388,  389.    {Set  Wath,  Osm- 

POSITION  OF.) 

,  Madame,  (Coonteas  RomlbrI),  514 ; 

her  hUtory,  «6. ;  and  death,  515,  mde. 
Lawrence,  Sir  Thomas,  his  porMt  of  Jlr. 

Watt,  532. 
Laws,  Doctor  of,  Mr.  Watt,  of  Gla^nr  Uii- 

versity,  530. 
Lawson,  Mr.,  424. 

Lawsuits,  with  pirates  of  eogiMS,  402-416w 
Lee,  Harriet,  298,  note. 

,  Mr.,  298,  and  note, 

,  Sophia,  298,  note. 

Leibnitz,  a&ks  Papin  bis  opinioa  of  Savtr^'s 

engine,  151  ;  invention  of  tbeocy  of  flimsii, 

156. 
Leith,  218. 
Letters,  the  numbers  that  Mr.  Watt  wrote, 

302,  487. 
Leuk>ld's  '  Theatmm  Madiinamm,'  64. 
Leven,  Water  of,  survey  of  chsnoel,  213. 
Leveque,  M.,  267,  471. 
Letden  phial,  invention  of,  22;  St  PHer't 

Churdi  in,  385,  note, 
LiBAVlus,  352,  note. 
LiBRi,  M.,  137,  and  note, 
Lichfield,  173,  391. 
LiDDEL,  Dr.  Dnncan,  352,  note. 
LiEBiG,  opinioa  as  to  Mr.  Watt's  priority, 

379. 
Life,  Lockhart's,  of  Scott,  qootid,  420, 5t  L, 

520. 

*  Life,'  *  the  comfort  of  his,'  241. 
Light,   composition    of,   384;   ita  wttan, 

392. 

*  Likeness-lathe,*  the,  470. 
LiND,  Dr.,  94,  167,  404. 

Linen,  machine  for  drying  fay  steam,  278. 

LiNLiTHaow,  163. 

*LiFSiAB,'   *Acta   Emditomm,'   133,  138, 

139 ;  translation  of  Papin's  memoir  iis 

140-146. 
LiPTRAP,  Mr.,  257. 

Liquor,  ammoniacal,  300 ;  saline,  462, 44S. 
Litigation,   Messrs.   Bonlton  and  Watlf% 

with  pirates  of  engines,  402-416 ;  its  wat- 

cessful  termination,  383,  416. 
Liverpool,  Earl  o^   praise  of  Mr.  Wrtt, 

380 ;  mistake  as  to  his  politics,  491. 
LrviNOSTONE,  Mr.,  439,  440. 
Lobster's  tail,  suction-pipe  00  the  priwipk 

of,  468. 
Locke,  John,  head  of,  cot  by  Mr.  WsHTs 

sculpture-machine,  470  ;  '  withal  Amb 

<  Understanding;  537. 
LocKHART's  Life  of  Soott»  490^  511,  5M. 
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LOCOMOTION. 

LooOMonoN  on  laud  bj  steam,  suggested  bj 

Robiaon,  75,  445. 
LooOMorrvE  engine  of  1784,  working  model 

of,   made   by  Mr.  Murdock,  on  principle 

apedeed  hj  Mr.  Watt,  450 ;   Mr.  Watt's 

Mwdfication   of,  448-450 ;   his  comments 

thereon,  451-457  ;  his  general  views  of  the 

•object,  457,  458. 
Lomond,    Loch,    Mr.   Muirheid's    residence 

near,  23;  its  fastnesMs,  42;  passage  for 

proposed  canal,  172. 
London,  Watt  arrives  in,  35;  'custom  of 

apprenticeship  in,  ib. ;   Watt  quits  it,  39  ; 

railways  proposed  from,  (1813),  459. 
LONQCASTRE,  his  portraits  of  Mr.  Watt,  531 , 

532. 
Louis  XIV.,  398,  519,  note. 
Love,  first  and  second,  260,  261. 
LOYELACE,  303. 
LoWTH,    Bitthop,  criticism   on  the  Glasgow 

Homer,  33. 
•  Luminous  traces,'  481. 
LUN.VR  Society,  the,  391,  392,  394,  396, 

897. 


M. 


Haberly,  Boulton  and  Watt  r.  Honiblower 

'    and,  404-416. 

Hacdowal,  Mr.,  272,  note. 

Hacfarlane,  Alexander,  merchant  and 
astronomer,  41  ;  bequest  of  astronomical 
instruments  to  the  College  of  Glasgow,  t6. 

Observatory,  41,  43,  238. 

Macfarlane  s  btuit,  42. 

Macoreook,  Mr.,  father-in-law  of  the  great 
engineer,  260  ;  employs  chlorine  in  bleach- 
ing, ib.f  400. 

Machine,  arithmetical,  contemplated  by  Mr. 
Watt,  466,  467. 

—  for  copying  sculpture,  invented  by  Mr. 
Watt,  468-480  ;  various  names  for  it,  469, 
470,  480;  its  performances,  470,  472, 
473 ;  intended  specification  of  a  patent  for, 
474 ;  time  occupied  in  its  work,  476 ;  Mr. 
Watt's  affection  for  it,  478,  487 ;  his  dis- 
tribution of  its  works,  478. 

I  for  drying  linen  and  muslin  by  steam, 

278 ;  executed  for  Mr.  Ma(^regor,  ib. ; 
deKribed  in  Brewster's  Encyclopedia,  279. 

Mackell,  Robert,  172. 

Mackintosh,  Sir  James,  301. 

Maoquer,  M.,  313,  555;  his  'Chemistry,' 
translated  by  Keir,  178. 

Macrihanisr  Bay,  survey  for  canal  from 
to  Campbelltown,  213. 

Maodeburo,  burgomaster  of,  (Guericke), 
130. 

Magellan,  Mr.,  390. 

Maillard,  M.  de,  13C,  and  note. 


meusnier. 

Malesherbes,  388. 
Malleability,  of  metals,  322. 
Malmesbury,  William  of,  his  account  of  an 

organ  blown  by  steam,  109. 
Malvasia,  Marquis,   his  micrometer   with 

cross  wires,  235. 
Manchester,   298,   304,   400,  401,  421, 

471. 
*Manivelle,'  464. 
Mansions,  silent,  of  the  grave,  242 ;  of  the 

dead,  248. 

*  Manuel  des  Amphitryons,'  388. 
Marat,  493. 

Marburo,  Papin  Professor  [of  Mathematits] 

a^  130,  139. 
Marine  atmospheric  steam-engine,  earliest 

constructed,  437. 
,  Imperial    Academy  of,  at  Cronstadt, 

407,  408. 
Marly,  machine  of,  268,  397-399. 
Marr,   John,    mathematician   in  Greeoo4'k, 

25  ;  a  connexion  of  Mr.  Watt,  34,  note. 
,  John,  'servant  to  King  James  I.  and 

*  Charles  I.,'  25. 

Marriage  of  Mr.  Watt  to  Miss  Miller,  in 
1765,  49,  50  ;  to  Miss  Macgregor,  in  1776, 
259,  260. 

Maskelyne,  his  prismatic  micrometer,  237. 

Mathematical-instrument-maker,  Mr. 
Watt  chooses  the  profession  of,  31,  32. 

Mathieu,  his  note  on  Delambre  as  to  pris- 
matic micrometers,  237. 

Maty,  opinion  as  to  Mr.  Watt's  priority,  383. 

Measures  and  weights,  proposed  uniformity 
of,  389-391. 

Medal  of  Lord  Nelson,  struck  at  Soho,  174; 
of  Chantrey  and  Watt,  536. 

Megalosaurians,  mechanical,  397. 

Meg  Merrilies,  420,  421. 

*  Mi^MOiRESde  r  Academic  des  Sciences,'  papers 

of  Lavoisier,  Meusnier,  and  Monge  in,  (sftf 
Water,  Composition  of)  ;  of  Amontoua 
and  Dalesme,  159. 

*  Memoranda,'  *  of  early  years  of  Mr.  Watt,* 

18,  19,  20-24,  50;  Allan  Cunningham's, 
of  Scott,  420. 

Memorandum  of  number  and  power  of 
engines  manufactured  at  Soho,  423. 

Memory,  Mr.  Watt's,  18,  509,  526,  527. 

Menai  Strait,  Edgeworth's  proposal  of 
cast  iron  tunnel  across,  505, 507 ;  Rennie's 
proposal  of  a  bridge,  505  ;  Telford's  *  Menai 
'Bridge,'   508;   Mephenson's    'Britannia 

•  Bridge,*  ib. 
Merrilies,  Meg,  420,  421. 

Metals,  malleability  and  ductUity  of,  322 ; 
calces  of,  reduced  by  inflammable  air, 
360. 

Metropolis,  Mr.  Watt's  visita  to,  481. 

Meusnier,  360,  557.  {See  Water,  Com- 
position OF.) 
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MEYBB. 

IIXTKB,  A^  grayimeter,  466. 

MininES,  323. 

MXGBOMBTEB,  oew,  inrented  by  Watt,  225 ; 
for  measuring  distances,  crofl»-hair,  pris- 
matio,  and  with  moveable  object-glass,  in- 
TMited  by  Watt,  229-233,  237,  238 ;  his- 
tory of  subsequent  and  previous  inventions 
of  micrometers,  233-237.  . 

MiLB-Bin>,  257. 

MiLFORD,  railway  proposed  to,  (1813),  459. 

MiLLEB,  Mr.,  of  Dalswinton,  438. 

,  Mr.,  of  Glasgow,  son-in-law  of  Mr. 
Watti  241 ;  his  issue,  ib, 

MiLLiKSN  House,  Renfrewshire,  portrait  of 
Napier  at,  30 ;  its  fate,  t5. 

Mnjil,  rotative  motions  for,  280, 284 ;  water, 
wind,  and  horse,  280 ;  Albion,  288,  289  ; 
water,  292 ;  governor  applied  to  regulate, 
298. 

Milton,  quotations  from,  478,  509,  510. 

M1NEB8,  Cornish,  296. 

*  Miner's  Friend,*  •  the.*    {See  Savebt.) 
MiNEe,  in  Cornwall,  in  want  of  engines,  256, 

257  ;  scenery  in  their  neighbourhood,  270 ; 
their  state,  271,  272. 

Mint,  Soho,  173,  174;  British,  174;  Pe- 
tersburg, Copenhagen,  Calcutta,  and  Bom- 
bay, «&. 

MiTGHELL,  Mr.  W.,  Mr.  Watt's  counsel  to, 
502,  503. 

Mob,  Birmingham,  in  1791, 394-396. 

MOLABD,  M.,  137, 138. 

MOLiiBE,  388. 

MoNOB,  348, 482.  {See  Wateb,  Composi- 
tion OF.) 

MONKLAND  collieries,  202;  canal,  planned 
and  constructed  by  Mr.  Watt,  202-207. 

MoNOCHOBD,  invented  by  Mr.  Watt,  46  ;  of 
Pythagoras,  514. 

Monopoly,  granted  to  patentees,  407,  416. 

MONTBEAL,  441. 

MoOB,  Professor,  one  of  the  editors  of  the 
Foulis  Homer,  33 ;  employs  Mr.  Watt  to 
repair  astronomical  instruments,  42,  60. 

Moobe,  his  steam-carriages,  446,  447. 

Mobe,  Mr.  Samuel,  secretary  to  the  Society 
of  Arts,  deposition  as  to  the  entire  ori- 
ginality of  Mr.  Watt's  invention,  104, 
105,  404. 

MoBELAND,  Sir  Samuel,  comparison  of  horses 
and  steam,  153,  157. 

MoBOAN,  John,  of  Comhill,  instructor  of 
Mr.  Watt  in  mathematical-instrumcnt- 
making,  36-39 ;  his  death,  43. 

MOBIN,  236,  237. 

«  MOBNINO  Star,'  « the,'  442. 

Moses*,  serpents  like,  105. 

*  Motion,'  «  engines  of,'  132. 

McyriON,  the  Parallel,  289 ;  Patent  for,  293 ; 
first  idea  of,  294 ;  history  of  invention  of, 
294-296;   beauty   and  simplicity  of  its 


HAPIEB. 

movements,  293,294;  preferred  by  Mr. 

Watt  to  any  of  his  other  inventiona,  294. 
Motions,  combinations  of,  roand    centrv» 

294,  295. 
Mountebanks,  8. 
MuiBHEADS  of  Ladiop,  13,  14 ;  origin  of 

their  arms,  14,  note, 
MuiRHEAD,  Professor  George,  33 ;  one  of  the 

editors  of  the   Foulis  Homer,    33,   34; 

prices  founded  in  remembrance  of  him,  S8, 

note, 
,  'the  Laird  of,'   ballad  in  the  « Mia- 

*  strelsy  of  the  Border,'  14. 
MuiRHEiD,  Agnes,  wife  of  Jameo  Watt  of 

Greenock,  13;  her  appearance,  mamiars, 
and  descent,  ib, ;  her  death,  15 ;  portrait 
of,  16.  31 ;  singular  dream,  ib. ;  hisr  diil- 
dren,  17. 

,  John,  (uncle  of  the  great  engineer),  15 ; 

freqaent  visits  paid  to  him  by  Mr.  Watt 
in  his  youth,  22,  23;  his  house  on  the 
banks  of  Loch  Lomond,  23;  estate  of  Croy 
Leckie,  16 ;  his  death,  ib. 

,  Mrs.,  (aunt  of  the  zreat  engineer),  21. 

,  Robert,  (cousin  of  we  great  engineer), 

inherited  the  estate  of  Croy  Leckie,  16 ; 
432,  note. 

MUBDOCK,   William,  model  of  ^r.  Watt'a 

*  sun-and-planet  wheels,'  283 ;  cement  for 
iron,  301 ;  evidence  at  trials,  404 ;  sketch 
of  his  life,  424-428;  his  death,  426,  and 
monnmoit,  ib. ;  portrait,  ib. ;  inventiona 
of  ga»-light,  &e.,  427 ;  working  model  of 
steam-carriage  of  1784,  i5.,  450, 456, 458 ; 
oscillating  cylinder,  427,  451;  aids  Mr. 
Watt  in  the  sculpture-machine,  471, 473. 

MUBBAT,   *  Chemistry,'  opinion  as  to  Mr. 

Watl^s  priority,  369. 
MUBBAT  Firth,  218. 
Muses,  the,  388. 
Musical  ear,  Mr.  Watt's  deficiency  in,  46. 

glssses,  to  be  played  with  keys,  47. 

instruments,  Mr.  Watt's  construction 

of,  46-49,  and  513. 
Mutton,  Cavendish's  legs  of,  385. 
Mtlne,  Mr.  Robert,  sen.,  A04, 


jsr. 


Nantes,  in  Brittany,  265. 

Napieb,  John,  of  Merchistoun,  residenct 
near  Loch  Lomond,  23;  meeting  with  Mr. 
Briggs  of  Oxford,  25 ;  portrait  in  boose  of 
Thomas  Watt,  29 ;  its  supposed  history, 
30,  31;  other  portraits,  ib.;  'Neper's 
*  Bones,'  30 ;  dates  of  his  works,  ib, 

,  Mark,  Memoirs  of  Napier  of  Merchis- 
toun, 30. 

,  Robert,  532  ;  Messrs.,  and  Sons,  444 

noU, 
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NATIONAL. 

National  Instttute  of  Frmnct,  Mr.  Watt  a 
correspondent  of,  530;  one  of  the  eight 
foreign  associates  of,  ib. 

Natitbal  philosophy,  professor  of,  in  Glas- 
gow Ck>llege,  34,  58,  60,  92,  93. 

Nature  can  be  Tanquished,  45 ;  her  abhor- 
rence of  a  yacanm,  130. 

Naval  leview,  (1856),  444,  445. 

Nelson,  Lord,  medal  of,  stnick  at  Soho 
mint,  and  presented  by  Mr.  Boulton  to 
the  sunrivors  of  Trafalgar,  174. 

Ness,  Loch,  214. 

Newark,  on  the  Clyde,  5. 

Newbridge,  Mr.  Watt's  estate  near,  484. 

Newoombn's  engine,  model  of,  belonging  to 
College  of  Glasgow,  58,  75,  92,  94;  de- 
scription of,  by  Bfr.  Watt,  85 ;  Switzer's 
account  of,  154;  its  parts,  and  mode  of 
operation,  155 ;  engine  improved  by  Potter, 
Beighton,  Smeaton,  and  Desaguliers,  155- 
158;  but  fiur  from  perfect,  157,  158; 
method  of  tightening  joints  of,  300;  in- 
jection practised  in,  409 ;  used  by  Hulls  in 
a  boat,  437. 

Newoomen,  Thomas,  associated  with  Sarery 
and  Cawley  in  patent  for  steam-engine. 
{Se0  Newcomens  Engine.) 

Newton,  Sir  Isaac,  his  portrait  in  the  house 

-  of  Thomas  Watt  and  his  sons,  29 ;  inren- 
tion  of  theory  of  fluxions,  156;  compared 
with  Watt,  308,   331,  381,  384;    with 

'    Boulton  and  Watt,  413. 

New  York,  440 ;  distance  from  Albany,  t&., 
note,  441. 

Nicholson,  tnmslator  of  Fourcroy,  opinion 
as  to  Mr.  Watt's  priority,  369 ;  *  Chemical 
*  Dictionary,'  i6. 

Nrru,  navigation  of  the  river,  172. 

'  NoBODT,  Mr.,'  his  (copying-machine) 
draaghts,  274. 

Noise,  shadow  of  a,  296. 

Nollet's  air-pump,  101. 

Northumberland,  in  America,  396. 

Nowell,  Dean,  26. 


O. 


Oar,  spiral,  or  screw-propeller,  suggested  and 

delineated  bv  Mr.  Watt  in  1770,  208,  209. 
'Obseryarb,^  motto  on  Mr.  Watt's  seal, 

481. 
Observatory,  Macfarlane,  41,  43,  230. 
Odyssey,  quotation  from  the,  435 ;  Pope's, 

t5. 
OiOH,  Loch,  214,  216,  220. 
Oldenburg,  Mr.,  235. 
Oltmanns,    spprobation    of    Macfarlane's 

astrraomical  instruments  and  skill,  41* 
— -^,   account  of   Newton's    invention   of 

Hadley's  quadrant,  227. 


paruament. 

*  (Hynthiac  Oration;  406. 

Optical  instruments,  errors  of,  226. 

«  Oration;  *  Olynthiac;  406. 

Organ,  constructed  by  Mr.  Watt  for  Dr. 

BUck,  46 ;  for  a  mason-lodse,  ib.  and  47  ; 

in  possession  of  Mr.  MacleUan  till  1854, 

48,  49. 
Orkneys,  217,  218. 
Orxe,  Marion  de  1',  fictitious  letter  of,  123- 

127  ;  victims  to  the  hoax,  126-128. 
Ounce,  proposed  philosophical,  389-391. 
Ovid,  271. 
Oxygen  gas,  Priestley's  discovery  of,  310. 

{See  Water,  Composition  of.) 


P. 


Paddle-wheels,  used  for  navigation  by 
horse-power,  145  ;  recommended  by  Pspin 
for  steam,  145,  146  ;  history  of  tlMir  use, 
436-438. 

Paine,  T.,  437. 

Palatine,  the  Elector,  Solomon  De  Caus 
employed  by,  122. 

Pan's-pipe,  514. 

Pantograph,  470 ;  double,  ib, 

Papin,  Denys,  his  digester,  employed  by  Mr. 
Watt  in  his  experiments  on  steam,  74; 
mistaken  by  many  writers  for  his  fteam* 
cylinder,  133-135 ;  his  Memoir  of  1690, 
131,  and  140-146 ;  proposes  to  form  a 
vacuum  by  condensation  of  steam  in  a 
cylinder,  ib, ;  uselessness  of  his  method  in 
practice,  132,  147 ;  abandoned  It  for  an- 
other scheme,  ib. ;  best  known  by  his 
'Digester,'  133;  national  impartiality  as 
to  his  claims,  134  ;  exi^gerations  and  un- 
fairness of  Duooux  in  re^ird  to  them,  134- 
137;  admission  of  Savory's  originality, 
149  ;  never  brought  his  engine  into  prac- 
tical use,  152;  his  suggestion  of  steam- 
gun,  145 ;  of  atmospheric  steam-power  for 
ships,  and  of  paddle-wheels,  145»  146, 
436 ;  list  of  works  of.  Appendix,  No.  I., 
539-544. 

Parallel  lathe,  double,  470. 

MoUon,  the,  289 ;   Patent  for,  293 ; 

first  idea  of,  294 ;  history  of  invention  of, 
294-296;  beauty  and  simplicity  of  ita 
movements,  293,  294 ;  its  delicate  smooth- 
ness, 469. 

Paris,  trial  of  Perrier's  engines  at,  266; 
visit  of  Mr.  Boulton  and  Mr.  Watt  to, 
266,  267,  397-399;  BUigden  at,  337, 
338,  340, 347, 348,  (aee  Water,  Comfo- 
SITION  of)  ;  Mr.  Watt's  second  journey 
to,  482. 

Parliament,  Act  of,  granting  privilege  to 
Marquis  of  Worcester,  114-116 ;  granting 


572 


INDEX. 


PABTNSBSHIP. 

patent  to  Savery,  148 ;  renewing  Mr.  Watt's 
patent,  247,  248. 

Partnership  of  Boulton  and  Watt  fonned, 
255 ;  estimate  of  partnership  property  in 
1776,  257,  258 ;  heads  of  their  articles  of 
copartnership,  258,  259. 

Partridge,  his  portrait  of  Mr.  Watt,  532. 

Pascal,  'Exp^enoes^touchant  le  Vuide,'  and 
of  the  Puy  de  D6me,  129 ;  his  death,  and 
posthomous  work,  ib. 

Patent  laws,  amendment  of,  403. 

Patents,  Mr.  Watt's,  ( 1.)  of  1769,  for  sepa- 
rate condenser,  180, 437 ;  renewal  of,  247, 
248;  piracy  of,  401-416;  expiration  of, 
417 ;  (2.)  of  1780,  for  copying-machine, 
273-278  ;  (3.)  for  rotative  motions,  279- 
284;  (4.J  of  1782,  for  expansive  prin- 
ciple, douole  engine,  double-acting  engine, 
&c.,  285 ;  (5.)  for  parallel  motion,  steam- 
tilt-hammer,  and  steam-carriages,  293-296 ; 
(6.)  for  consumption  of  smoke  and  saving 
of  fael,  303-306. 

,  Mr.  Murdock's,  427. 

'  Peerage,'  *  Romance  of  the,'  quotation 
from,  273. 

Pennant,  Mr.,  suggestion  of  Caledonian 
Canal,  214. 

Pennsylvania,  439. 

Penryn,  283. 

Pentland,  fFrith),  218. 

Pebier  and  Pascal,  experiment  of  the  Puy 
de  D6me,  129. 

Perpendicular  parallel  motion,  293,  295, 
296. 

Perrieb,  mm.,  265. 

,  M.,  Mr.  Doulton*s  account  of  him, 

265 ;  Mr.  Watt's,  267,  268. 

Perrt,  Captain,  263. 

*  Persia,'  *  the,'  her  rapid  vojrages  between 

England  and  America,  444,  note. 

Perspective  machine,  invented,  50;  de- 
scription of,  with  drawings,  51-56 ;  piracy 
of,  56. 

Perth,  survey  for  canal  from,  to  Cnpar  of 
Angus,  209-211. 

Peruvian  bark,  429. 

Peter  the  Great,  263. 

Petersburg,  St,,  466. 

Petty,  Sir  William,  his  copying  instrument, 
273. 

PHiEACIANS,  435. 

Phidias,  479. 

Philadelphia,  437. 

Phillips',  Sir  Richard,  project  of  railways, 

(1813),  469. 
'  PRILOMATHIQUE,*  *  Bulletin  de  la  Soci^t^,' 

quoted,  233,  note, 

*  Philosophical  Journal,* « Edinburgh,*  468. 

■  *  Transactions,'  Mr.  Watt's  and  Mr.  Ca- 
vendish's papers  in.  {See  Water,  Com- 
position or.) 


PORTRAIT. 

Philosophical  weights,  389-391. 
Philosopht,   Natural,  briHiaDt  cfa  ef  i»- 

covcry  in,  128-130 ;  •  Divine,'  48,  »§. 
Phlooisticated  air,  320. 
Phlogiston,  392. 
Physiological  development  of  mind,  301. 

*  Phytologia,'  Darwin's,  qnoUtioB  tvm, 

394. 
Piano,  prindfJes  of,  514. 
Picard  and  Ausoat,  their  cnm^Amrma> 

meter,  235. 
Piracy  of  perspective  machine,  56 ;  of  the 

new  steam-engine,  270,  401-416;  «f  tht 

crank-engine,     279-283.      {See   Wates, 

Composition  of.) 
Piston,  packed,  employed  hw  OttoGoericke, 

130;    by    Newoomen   and  Cawlcy,  15S, 

156  ;    packed  by  water,  %h.;  kd  to  «» 

covery  of  cond^iaation  by  injeetioa,  156; 

Mr.  Watt's  experimental,  167,  168,  4c; 

packed  with  mercory,  175. 
Piston-rod,  143,  146,  155,  Ac. 
Pit-coal,  for  manufacture  of  iron,  165*  mi 

note, 
Pitt,  Mr.,  399 ;  « emissaries  of,'  493. 
Planet,  sun-and-,  wheels',  279,  283, 284. 
Plat,  Sir  Hu^h,  *  Jewel-House  of  Art  «4 

*  Nature,'  108. 
Plate,  presented  to  Mr.  Watt  by  tk  pr»- 

prietors  of  the  Glasgow  Waterworks,  468. 
Plato,  388. 
Plot's  •  Natural  History  of  Staibi^hin,' 

108,  and  109,  note. 
Plough  and  loom,  inventors  of,  526. 
Pluto,  493. 

Pneumatic  OMdidnes,  429;  Iwtitatiaa,  tbe, 
at  CUfton,  ib, 

*  Pocket-Sherifp,'  a,  489. 
Poldice  Mine,  272. 

POUTICB,  mistake  as  to  Mr.  Watt'%  491 ;  4 
his  son  James,  491-494. 

*  Polyglyptes,'  470. 

*  Polyglyptic  paralld  ddograph,'  the,  4«. 
Ponderable   constituents  of  bodies,  SS2; 

elements  of  ditto,  A, 

Pontus,  271. 

Pool  Mine,  272. 

Pope,  quotation  from,  263,  noU, 

Pope's  Homer,  quotation  from,  435. 

Porta,  Baptista,  inventor  of  the  mifie  ki- 
tem,110;  his  •PDeumatka^'or 'Spnitrf,* 
ib.note;  eiperiments  on  steam,  A.;  in- 
scribes a  vacuum  formed  by 
of  steam,  %b,  149;  alloskn  to 
ment,  149,  156. 

Port-Glasgow  Docks  and  Harboon,  pfav 
for,  213  ;  *  the  Comet'  built  at,  441. 

Portland,  Duke  of,  489. 

Portrait  of  Mr.  Mnrdock,  426. 

of  Napier,  mod  of  Mewtm,  29. 

of  Watt   fiuDily,  29,   31 ;    of  i|Mi 


INDEX. 


673 


PORT. 

Moirbeid,  15,  31  ;  of  Thomas  Watt,  31 ; 
of  Margaret  Shenrer,  ib,;  of  James  Watt, 
■eo.,  of  Greenock,  t6.;  of  James  Watt,  (the 
great  engineer),  by  Beechey,  531 ;  by  Bone, 
•6.;  by  Longcastre,  531,  532;  by  Part- 
ridge, 532  ;  by  Lawrence,  ib. ;  by  Rae- 
bum,  ib, ;  by  Gilbert,  533 ;  by  Henning, 

*    533, 534 ;  by  Jackson,  534  ;  by  Finden,  16. 

Fort  Koyal,  Jamaica,  41. 

rORTSMOUTH,  railway  proposed  to,  (1813), 
459. 

FOTASH,  saving  of,  in  bleaching,  401. 

Potter,  Humphry,  improved  Ute  injection  of 
Newcomen's  engine,  157. 

Pound,  proposed  philosophical,  389-391. 

Power,  difficulty  of  applying  it  to  mechanical 
processes,  132,  133. 

Powers  of  mind,  Mr.  Watt's  groundless  fears 
as  to  his,  490. 

Praxiteles,  479. 

Presbtterian,  Mr.  Watt  a,  395,  489. 

Presents  to  Priestley,  from  Messrs.  Boul- 
too  and  Watt,  396. 

Press,  error  of,  in  Mr.  Watt's  paper,  343 ; 
in  separate  copies  of  Cavendish's  paper, 
343-345  ;  fac-simile  of  erroneous  title-page, 
ib.;  true  date  removed  from  heading  of 
those  copi^  344. 

Prbss-oang  in  London  in  1756,  39,  42. 

Preston  Pans,  in  East  Lothian,  manufac- 
tory of  sulphuric  acid  at,  162. 

Priestley,  Dr.,  reflections  on  his  ill-health 
when  young,  26  ;  residence  at  Birming- 
ham, 310,  391,  394,  395  ;  driven  away  by 
violence  of  the  mob,  310,  394 ;  nitires  to 
Clapton,  afterwards  to  America,  396  ;  his 
style  of  research,  311-313;  discovery  of 
oxygen  gas,  310  ;  Copley  medal,  311 ;  phi- 
losophical weights,  389. 

Principal,  the,  of  Glasgow  College,  430. 

Principle,  expansive,  285,  286. 

Privilege,  renewal  of  Mr.  Watt's  patent, 
247,  248  ;  expiration  of,  grant  of  extended, 
417. 

Prize,  founded  by  Mr.  Watt  in  Glasgow 
College,  430-432. 

Prony,  M.  De,  mistakes  Papin's  Digester  for 
his  steam-cylinder,  134 ;  his  *  Hydrau- 
*  logie/  and  its  errata,  267,  268  ;  his  esti- 
mable qualities,  268,  399,  482. 

Propeller,  screw,  suggested  by  Mr.  Watt 
in  1770,  208,  209. 

Proserpine,  493. 

Pump-bods,  balancing  of,  293. 

Punch-ladle,  silver,  made  by  Watt  when 
a  youth,  27,  28. 

Quadrants,  used  by  Watt  when  a  boy,  28  ; 
Hadley's,  WaU  laams  to  make  well,  36  ; 


ROBI8ON. 
sale  for,  43,  44;   Hadley's  invented  by 
Newton,  226,  227. 
Quebec,  storming  of,  anecdote  of  General 
Wolfe,  62 ;  steam-boat  from  Montreal  to, 
441. 

B. 

Racine,  388. 

Rack,  toothed,  and  sector,  289,  502. 

*  Radical,'  *  a  sad,'  mistake  as  to  Mr.  Watt 

being  one,  491  ;  cause  of  it,  491-494. 

Radnorshire,  Mr.  Watt's  estates  in,  484. 

Radhtoke,  401. 

Rakbukn,  Sir  Henry,  letter  to,  28 ;  his  por- 
trait of  Mr.  Watt,  533;  copy  made  for 
Mr.  Rennie,  16. ;  compared  with  Velasquez, 
16.,  note. 

Rainbows,  pnmary  and  sscondary,  385. 

Rameau,  47. 

Rams,  (steam),  battering,  291. 

Ramsden,  Mr.,  233,  404,  413. 

Raphael,  479. 

Ratisbon,  Diet  of,  Guericke  exhibite  his  ex- 
periments to,  129. 

Recreations  of  Mr.  Watt  in  his  old  age, 
481. 

*  Recueil  *  of  Papin's  treatises,   its  rarity, 

and  contents  133,  136-139,  539. 
Reddie,  Mr.,  432,  note. 
Rei-::8,  Rev.  W.  J.,  Mr.  Watt's  reply  to,  as 

to  a  perpetual  motion,  503,  504. 
Regulator  by  centrifugal  force,  (or  *  Go- 

*  vemor '),  298. 

*  Religio  loci,'  the,  480. 

Religious  resignation,  Mr.  Watt's  feelings 
of,  520. 

Rennequin,  of  Li^ge,  398. 

Rennie,  Mr.,  his  works  and  fame,  172  ;  Re- 
]K>rt  on  channel  of  Clyde,  211 ;  his  no- 
derate  charges  as  an  engineer,  222 ;  P. 
Ewart  his  apprentice,  289  ;  his  evidence  in 
Boulton  and  Watt's  law-suit,  404;  his 
ability,  441  ;  plan  of  bridge  across  the 
Menai  Strait,  505. 

*  Review/  *  Edinburgh,'  letter  of  Marion  de 

rOrme,  127. 

Rhayader,  Mr.  Watt's  estate  near,  484. 

Rheims,  organ  in  Cathedral  of,  blown  by 
steam,  109. 

Riser,  Mr.  Watt  no  very  early,  24,  487. 

RiVAULT,  David,  his  *  Elemens  de  I'Artil- 
*lerie,'  110;  power  of  steam  to  burst  a 
bomb,  ib, ;  no  claim  made  for  him  to  in- 
vention of  any  steam-engine,  110,  111. 

Robespierre,  duel  with  Danton  prevented 
by  Mr.  J.  Watt,  Junr.,  492 ;  accuses 
Messrs.  Watt  Jimr.  and  Cooper  of  being 
emissaries  of  Pitt,  493. 

RoBisoN,  Professor  John,  account  of  Mr. 
Watt's  constructioaof  two  organs,  46, 47  ; 
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Watfs  fint  MqnnBtaiMC  Willi  luB,  60 ;  and 
vith  Dr.  Black,  61 ;  caAcn  tlie  marj,  62 ; 
to  Gkmgaw,  A.  ;  docribes  the  abt- 
id  libcnlitj  of  Jfr.  Watt,  62-64 ; 
wmd,  hi*  isTCBtiofi  ik  the  sepaiate  oondcaser, 
65-69;    is  appointed    Piofeawr  oT   Cht- 
mktar  in  Gla^w  College,  70 ;  originalitT 
of  Jfr.  Watt's  inrcntion,  72,  73,  97,  lOl'; 
dMnetcrofllr.  Watt,308/,  mirtakeasto 
Mr.  Watt  kcriiif  attnded  leetares,  497 ; 
landiianiat  in  Bnaia,  262,  407,  408; 
aMsdoto  of  JEfMnm  and  Modd,  408,  412, 
413;    MvggtaU  qiplicatioa    of  stoam  to 
BOTJBffvM  camagtt,  75,  445 ; 
tiM«rJaeobiaiBi,494;  Mr.  Watft 
of  hai  wmk  on  Steam  and  Steam-«nfiDet, 
494-501 ;  Ui  death,  518;  hb  fiiendilup 
Ibr  Mr.  Watt,  501. 
BosBOB,  Sir  John,  rgmmnniratpa  an  aoeoont 
of  artienlated  water-pipe  oontrrred  hf  Mr. 
Watt,  468. 


232-237. 
BoBBTCK,  Dr.,  liis  fint  anqnaiatancc  with 
Watt,  95,  96,  165;  his  abilitiea  and  dia- 
TBctcr,  95,  96,  175 ;  testimoar  to  the  ori- 
ginalitj  of  Mr.  Watt's  inrcntion,  97-99 ; 
hit  chemical  works,  162;  Carron  Iron- 
works, 163-165;  Bomowstoneas  Collieries, 
165 ;  pecnniarj  cmbamsBments,  170 ;  pro- 
posal to  Dr.  Small  and  Mr.  Boohon,  195; 
aooepted  bjr  ttiem,  196;  hn  inaolrcncr, 
243 ;  tnasfiers  hb  whole  interest  hi  the 
steam-engine  patent  to  Mr.  Boolton  alone, 
243,  244 ;  oongratalates  Watt  on  the  proa- 
pecU  of  his  new  engine,  245 ;  his  death, 
516. 

BOEM  ER,  his  micrometer  with  moveaUe  ob- 
jeci-glaas,  234. 

Bollock,  James,  his  Elogium  and  Panegyric 
to  his  master  the  Marquis  of  Woroerter, 
118,  119. 

Books,  Mr.  Justice,  405. 

*  BOSCTTE,'  of  Beranger,  261. 

BoBKEERF.  mine,  272. 

BoTATiYB  motions,  patent  for  new  methods 
o^  279-284 ;  son  and  planet  wheds,  283. 

.^—  engine,  71,  290. 

BorB,Mr.,409,  411. 

BoYEKSON,  John,  165,  note, 

BOTAL  Society,  Clnb  of,  385-388. 

BOTAL  Societies  of  Edinburgh  and  London, 
Mr.  Watt  a  Fellow  of,  530. 

BuLLAXDCS,  352,  note. 

BciiBET,  Mr.  James,  437. 

RUMFORD^  Countess,  (Madame  Laroiaier), 
514. 

RUPEKT,  Prince  Palatine,  his  trial  of  a  resscl 
with  paddle- wlieels,  moved  by  bones,  145. 

Rdhia,  Mr.  Watt's  offers  of  employment  in, 
362,  263;  Ambassador  of,  A.;  Imperial 


fiunilj  of,  263;  Empraa  ti,  A.;  Qmi 
Dokc  NidMlM  of,  (the  late  Cmrj,  A. 

RcasLA,  Lmpvial  Academy  of  MaiiBt,404; 
docks^  408;  Admimlty  College,  A. 

*  RcwLAX  bear,'  'a»'  263,  and 


8pBledte,45«. 

SAL-AlOiOKLAC  300,  301. 

Salctk  liquor  (itt  Kail's  lamp), 

Sallcst,  nphraida  agrkaharisto  i 
men,  484,  485;  h»  prriit  af 
512. 

SaAste,  the,  437. 

Savebt  Caotain  ThaB^s.  Ma  ariMli  y»' 
tory,  147  ;  fate  *  Miner's  YnJ,'  A.;  tat 
editions,  148  ;  ito  contents^  148.15S:  kii 
ezperimcDt  befiore  the  Ki^  148  ;  Bail  te 
fint  workii^  sMua-angiM,  14^  149: 
ite  mode  of  opantioB,  149;  SwitaKsse- 
oaont  of  hte  ezpctiioaBta,  150 ; 
Dsca  of  fate  engiae,  151 ;  itowantcTi 

deacribea  pnddle-whaeb^  436. 

Saxk,  Comte  de,  436. 

SCHAW,  Sir  John,  5. 

ScHTinfKi.PgyirtscK,  Mn^  her 
Mr.  Watt,  487,  513,  514 ;  «f  Mr. 
519. 

ScBorruB,  Caspar,  hte  works,  129. 

SOOTT,  Sir  Walter,  traTcUiiytehirt 

34;  •  Macfarlam^M  bmat;  7,42 ;  'Gisstf 
•Glasgow,'  82,wo<e;aceBeteGayll— ff 
ing,  420;  Mr.  Bonhosi  and  the rekteiy it 
Soho,  420,  421 ;  porlnitore  of  Mr.  W^ 
503,  510,  511;  «hte  modest  oaid.' MU 
512 ;  sentimente  osi  old  age;  520 ;  SfiM 
of  Chantrej's  boat  of  Mr.  Watt,  591. 

Screw,  diriding,  ioTcnied  by  Watt,  22S;li 
aocniacy,  225,  226. 

Screw-propeliIeb,  aoggastcd  br  Mr.  Witt 
in  1770,  208,  209. 

Screws,  wood,  28. 

*  Sea-salt,'  « dephlogisticated  add  eC  S^ 
Sector,  toothed  radc  and,  289. 
Seike,  the,  398. 

Seksertus,  Daniel,  352,  moU, 
Separate  condenser,  dteoorwr  oC  5*1  ^ 

409. 
Severn,  the,  441. 
Seward,  Mr.,  250. 
S'Gravesandb,  *  Etenenteof  Katvri  rii»' 

*  sophy,'  the  fint  book  on  thai 

by  Mr.  Watt,  22. 

*  Shadow,'  «the,  of  a  notee,'  296. 
Sberidak's  m«rtaoa  on  mirt^rfft  ef  < 

practioes,  492. 

*  Sherot,'  <  a  Pocket,'  489. 
Sherrer,  Margaret,  wile  of  TfaHsai  Wilt, 
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SHOP. 

9;   her  diildren,  death,  and  harial,  ib.; 
portrait  of,  31. 
Shop-windows  of  metropolis,  481. 

*  Shootino-pabtt,'  the,  422. 

•  Shbsw,'  *  Taming  of  the,'  486. 
Skbievaltt  of  Staffordshire,  48S  ;  of  Rad- 
norshire, 489,  490. 

SiDMOUTH,  Lord,  263. 

SiLKSiA,  352,  n)te, 

SuiBON,  Professor  Robert,  34,  60,  309. 

Sbbon,  Mr.,  mathematical-instrumeni-maker 
in  London,  92,  93,  and  note, 

SnrpHUB,  175. 

Small,  Dr.  William,  introduces  Mr.  Watt 
to  Soho,  173,  178  ;  nrges  sunrej  of  line  of 
Caledonian  Canal,  214-216  ;  invents  clocks 
and  time-pieces,  223-225  ;  patent  for  them, 
225 ;  contrives  new  barometers,  228  ;  his 
kst  illness,  251 ;  and  death,  248,  251 ; 
his  life,  talents,  and  worth,  249,  250, 
252-255 ;  character  of  him  by  Keir,  250- 
352  ;  bj  Benjamin  Franklin,  250  ;  by  Mr. 
Boolton,  248, 252  ;  epitaph  by  Dr.  Darwin, 
254 ;  by  Mr.  Day,  254, 255 ;  suggests  mov- 
ing carnages  by  reciprocating  engines,  447  ; 
hii  prudent  counsel  to  Edgeworth,  507, 508. 

,  Dr.  Robert,  249. 

,  Rev.  Robert,  252. 

— ,  Mr.  Thomas,  of  Corrihall,  249. 

Smeaton,  John,  his  air-pump,  101 ;  im- 
proved Newcomen's  engine,  155,  159, 
160  ;  planned  Carron  machinery,  163  ;  his 
'  Reports,'  164,  and  no^e;  Eddystone  Light- 
honse,  171  ;  employment  in  Scotland, 
171,  172 ;  Report  on  channel  of  Clyde, 
211  ;  saw  Mr.  Watt's  new  micrometer  in 
1772,  229,  231 ;  belie^-ed  that  the  new 
engine  could  not  become  general,  255, 
2^  ;  learned  the  expansive  principle,  285 ; 
at  Club  of  Roval  Society,  385. 

Smiles,  *  Life  of  Stephenson,'  128,  459,  note. 

Smith,  Professor  Adam,  34;  head  of,  in 
ivory,  cut  by  Mr.  Watt's  sculpture-ma- 
chine, 470. 

,  I)r.  John,  of  Gla^ow,  83,  note;  and 

of  Cmtherland,  532. 

Smith's  Harmonics,  46. 

Smoke,  Mr.  Watt's  patent  for  consumption 
of,  303-306. 

Snuff-box,  anecdote  of  the,  486,  487. 

Societies,  Royal,  of  Edinburgh  and  London, 
Mr.  Watt  a  Fellow  of,  530. 

Society,  the  Lunar,  391, 392, 394, 396,  397. 

Socrates,  small  bust  of,  469. 

Soho,  Mr.  Bonlton's  mansion  of,  *  I'Hdtel  de 
*  I'Amitie  sur  Hands  worth  Heath,'  178 ; 
dialled  appearance  of  its  pleasure-grounds, 
255 ;  its  interesting  aourenirs^  255,  396. 

— ,  Mr.  Boulton's  manufactory  at,  the  first 
great  one  in  England,  173;  anecdote  of 
eoostmction   of   first   new    steam-engine 


STEAM. 

there,  255,  256 ;  steam  tilt-hammer  tried 
at,  291,  292 ;  smoke  successfully  con- 
sumed, 804;  visited  by  Cavendish,  385; 
attempted  robbery  at,  419-422  ;  use  made 
of  the  incident  by  Sir  Walter  Scott,  420, 
421  ;  steam-power  mannfactured  at,  422- 
424 ;  able  assistants  at,  424. 

Solomon,  303. 

Southern,  Mr.,  his  evidence  in  the  Boulton 
and  Watt  steam-engine  law-suits,  404, 
413 ;  his  abilities,  424 ;  his  aid  in  revisal 
of  Robison's  algebraic  formulse,  496. 

Spain,  267. 

Spark,  electric,  combustion  of  gases  by  the, 
314,  315,  w>U,  316,  note,  328-330,  393. 

Specifications  of  Mr.  Watt's  Patents,  pub- 
lished with  engravings  of  all  the  rdative 
drawings,  v. ;  of  his  first  Patent,  82,  18.'^ 
185 ;  alleged  insufficiency  of,  407-416 ; 
objections  answered,  ib, ;  its  validity  legally 
established,  41 6 ;  of  his  second  Patent, 
273 ;  of  his  third  Patent,  279  ;  of  his 
fourth  Patent,  285 ;  of  his  fifth  Patent, 
293  ;  of  his  sixth  Patent,  305,  306.  {See 
Patents.) 

Specific  heat,  309. 

Spiral  oar,  or  screw-propeller,  suggested  and 
delineated  by  Mr.  Watt  in  1770,  208,  209. 

Spithead,  great  Naval  Review  of  1856  at, 
444. 

*  Spring,  the,'  insufficiency  as  a  date,  351 ,  353. 

St.  Fond,  Fanjas  de,  dinner  at  club  of  Royal 
Society,  386-388 ;  caoutchouc  tubes,  466  ; 
notice  of  Mr.  Watt,  501 ,  502. 

St.  Petersburg,  174,  466. 

Stafford  gaol,  420 ;  assizes,  422. 

Staffordshire,  shneviilty  of,  488. 

Standard  for  weights  and  measures,  389, 
390. 

'  Stanners,'  the,  in  Crawfordsdyke,  6. 

States,  United,  use  of  steam  for  propelling 
boats  iu,  437,  439-441 ;  envov  firom,  to 
Paris,  439. 

Statue-lathe,  470. 

Statute,  21  Jac.  I.  cap.  iii.,  as  to  Patents, 
406. 

Steam,  latent  heat  of,  78,  83,  85,  166; 
greatest  triumph  of,  444,  445. 

Steam-barometer,  298 ;  gauge,  298,  299 ; 
indicator,  299,  300. 

Steam-carriages.  {See  Steam-locomo- 
tion.) 

Steam-case  of  cylinder,  70,  80,  81,  90,  91, 
175,  190. 

Steam-engine,  before  the  time  of  Watt,  his- 
tory of,  107-1 60.  (See  Worcester,  Papin, 

S AVERY,  Df^AGULIERS,  SMEATON.) 

Steam-engine,  modem,  the  most  nsefnl  of 
all  inventions,  2  ;  its  powers,  2, 3  ;  anaiogy 
to  thehumanbody,  16.  («9m  Watt,  J  AMES.) 

Steam-locomotion  on  land,  suggested  by 
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'ft,  Mi  Dr.  Smair%  ileM  on  tbe  nb-  ; 

m   m    -m       ^    M^.  «•  W      .  ^*  *«      .  1        1 


jrtS,  44'»-44$:    )lr.  Watt's   Potest,  and  , 
Mr.  M  Bidock's  wocxmg  modri  ni  a  loci>>  I 
■udre  ffteKD-earriare  m  17M.  44»-l5d :  [ 
E%npartk*s  toA  I^illipB*  fuggestkci  of  a 
ra^noad,  459 :  *  JWwrhwnp'*  itean^-mgiiiie,' 
A. :  M.  P.  W.  Booltm**  Latio  Prise  £pt- 


4^j,4«l. 

STELAJi-XAnGAncnr.  Mr.  Watt's  interest  in, 
434^  44<^-U2:  his  'spiral   oar,  or  two  '. 
'vfed*r  208,434,  436:  historroi;  435-  | 
445.  . 

Steax-tovek,  csdmate  of  aaMNmt  of,  in 
Great  Britain,  ri.:  amoont  of^  manage- 
tared  at  So^  423, 424 ;  bonepower,  cal- 
mlafiw  of,  in  di&roit  sorts  of  engines,  ib,  \ 

Steam-wweejl,  or  dimbting  eng^K,  170, 
185,  257, 280, 290 ;  pstenta  for,  185, 2d3. 

Steed,  Jolm,  282. 

Stzphessox,  established  railvaT  tnreOing, 
457. 

Stebsheui,  Sopbr,  483. 

Stewakt,  I>iigald,'reR>daM3e  at  KiuKil,  183. 

Stewjlkt's  Fsteot,  28*3. 

SlOiTE,  Edwwd,  translatko  of  '  Bioii  on 
« Matbenwtical  lostniaMnts,'  39,  40. 

Stratheabs,  snggestioii  of  canal  in,  210, 
211. 

Stbathhore,  rarrer  for  ranal  in,  209-211. 

Sttast,  Bobert,  'Anecdotes  of  Steam- 
'  ei^jines^'  120, 132 : '  Historr  of  tbe  Stcam- 
•  engine,'  120;  'Sir  Stuart^  135;  does 
justice  to  Pspin,  134 ;  account  of  Sarerv's 
works,  148. 

Stuffixg-box,  80. 

Sttrteva^tt,  Sunon,  165,  note. 

SCLPHTR,  300,  301. 

SnofAST  of  tbe  Historj  of  tbe  Progress 
towards  tbe  Discorerr  of  tbe  Compobition 
of  Water,  and  of  tbe  Discorerj  itself^  Ap- 
pendix, No.  III.,  555-558. 

SC5-ASI>-PLAXET  wbeels,  279,  283,  284. 

SCRVETIXG  quadrant  by  reflection,  new,  in- 
vented by  Watt,  226  ;  anotber,  of  glass,  ib. 

SwrrzER,  bis  account  of  Sarery,  150;  of 
Newoomen's  engine,  154. 

Stvikoton's  and  iwdlex^s  patents,  456. 

Stmixoton,  William,  438. 

Stphon,  for  measuring  specific  gravity  of 
liquids,  465,  466. 


T. 

Tarbert,  sanrey  for  a  canal  at,  213,  229 ; 

West  Locb,  231. 
Tabtini,  47. 
Tatlob,  Mr.  James,  438. 
— ,  iter.  Dr.  William,  430. 


TURSEE. 

Tklesoofes,  oaed  by  Watt  wbea  a boj, 2S; 
Hi^enian,  386. 

Telford,  Tbomas,  bis  works  and  &aK,172; 
construdioo  of  Cakdnian  Canal,  2li,  211^ 
221 :  j^reement  of  bis  levels  witb  tbaeif 
Mr.  Watt,  220, 221 ;  constmction  of  Heid 
Bridge,  5«:'8. 

TEX3CV90N,  qootatioos  (nun,  viL,  200, 260. 

•  Testtdo  '  boiler,  169. 

Thames,  the,  441-444. 

Tbojisos,  Dr.  John,  transiatiaa  of  Fowaiy, 
opinion  as  to  Mr.  Watfs  priority,  Stt. 
-,  Dr.  Tbomas,  '  Cheoustry,' 


to  Mr.  WaU's  priority,  369 ; 
•  History  of  Royal  Society,*  370. 
-,  Mr.  Tbomas,  preacntni  by  Hr.  Writ 


witb  specimen  of  his  canriag;  537. 
Tborwalosen,  479. 

•  Tbocghts,'  Mr.  WaU's,  *  On  the  < 

'Paits  of  Water,' 321.    (5m  Wath^Qm- 

FOSITIOS  OF.) 

Throttle-talve,  tbe,  297. 

TiLT-aAMXER,  atenm,  291. 

Tof  E-piECES,  varioiisy  invented  by  Dr.  SmM, 

223-225. 
Tdsg-Tano  mine,  257. 
TrriAX,  479. 

«  Tooth,'  « tbe  golden,'  352,  and  moie. 
TORRICELLI,  invention  of  tbe  laraoMls^lSi 
Toryism,  Mr.  Watt's,  491 ;  uiudiiiliM  if 

bis  sentiments,  494. 

•  Tow  a  medailies^  or  *  likentm^latit;  m. 
TOCRS,  booae,  484 ;  philooopbiesJ,  397-SM, 

401. 
TowxBEXD,  Dr.,  of  Bath,  440. 
TowKSHLND,  Colood,  518. 
^rnicassfrv'    of    Cavcndtfb  and  Bbfte, 

498,fK»to. 
Trafalgar  medal  praKntcd  by  Mr.  BsdM 

to  tbe  fleet,  174. 
Transactions  of  the  Royal  Aeafaiy  tf 

Sweden,  quoted,  100.  101. 
,   Philosophical,    Mr.   Watt's  wtA  Xr. 

Cavendish's  papers  in  the.     (5ar  Wato^ 

CoMPosrriOM  of.) 
Translation  of  Cnmbridge  Priae  Epp« 

on  '  Steam-carriages,'  460,  461. 
Trapp,  'Mister,' 483. 
Travers,  Walter,  a  priest,  bk  piNi  W 

uDgallant  advice,  117. 
Tredgold,  Thomaa^  415,416. 

•  Tristia,'  271. 
Truro,  269,  note. 
Tubal  Cains,  105. 

TUFFEN,  Mr.,  bia  copy  of  Sir  W.  Bttd^^ 

portrait  of  Mr.  Watt,  531. 
TuiLERiES,  blood  spilt  in  the  rariii  ^ 

493. 
Tunnel,  acroos  Mcnai  Stnit»  505. 
Turner,  Mr.  Charles^  CDgimri^  if  Lsi^ 

Fence's  portnity  532* 
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TURNER. 


Turner,  Mr.  Charles  Hampden,  of  Rook's 

Nest,  522,  531. 
TuRNERELLT,  sends  models  to  be  copied  by 

sculpture-niachine,  469. 
Turtle,  at  Royal  Society  Clab,  385. 


U. 

UinxED  Mines,  272. 

Uhited  States,  use  of  steam  for  propelling 

boats  in,  437,  439-441 ;  envoy  to  Paris, 

439. 

V. 

Valturius,  436. 

Valve,  the  Throttle,  297. 

Talyes,  regulating,  293. 

Van  Dale,  Dr.  Antony,  352,  note, 

Velazquez,  compared  with  Raebum,  533, 

note, 
Verbiest,    Father,    his    *  Astronomia   Eu- 

'ropan,'   446  ;    seolipile    steam-car,  and 

ship,  ib. 
Versailles,  398. 
Violins,  made  by  Mr.  Watt,  47. 
Virginia,  249,  437. 
Vitriol,  oil  of,   *  gas,  displaced  from  its 

•  earth  by,'  392,  393. 
VOLTA,  314,  555. 
•  Vo9  turn  vobist*  56. 
»  Vulcan,'  *  the,*  engines  intended  for,  444, 

note, 

W. 

Wales,  coal-mine  in,  in  want  of  engine, 
257;  Mr.  Watt's  estates  in,  484,  485; 
Prince  of,  his  steam-yacht,  438. 

Walker,  James,  Report  on  channel  of  Clyde, 
211,  289,  note. 

Walpole,  Horace,  his  opinion  of  the  *  Cen- 
'  tury  of  Inventions,'  120. 

Walton,  Iiaak,  26 ;  Life  of  Dr.  Donne, 
quotation  from,  433. 

Wanlockhead,  in  Dumfries-shire,  438. 

Warltere,  Mr.,  his  experiments,  314-318; 
and  letter,  315,  316,  note, 

Warwick,  Stafford,  and  Derby,  proposed 
share  in  the  engine  for  the  counties  of, 
186. 

Wasdorough,  Matthew,  279,  281. 

Water,  an  element,  313;  dismissed  ft-om 
list  of  elements,  327,  329  ;  decomposition 
of,  393 ;  constituents  of,  393,  394. 

'  Water-comjcandino  Engine,'  114-119. 

Water,  Composition  of,  Mr.  Watt's  dis- 
covery of  the,  307,  327-331;  progress 
towards,  Maoquer  and  Sigaud  de  Lafond, 
313,   314;   Yolta,  314;  Warltire,   314- 
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317;  Cavendish,  318-322;  Lavoisier, 
322,  323;  Monge,  323-325;  Meusnier, 
325  ;  Watt,  327  ;  his  letters  to  Mr.  Boul- 
ton,  Mr.  Hamilton,  Dr.  Black,  Dr.  Priest- 
ley, Mr.  De  Luc,  Mr.  Smeaton,  and  Mr. 
Fry,  from  Dec  1782,  to  26th  April,  1783, 
containing  his  conclusions,  327-331 ;  great- 
ness of  the  discovery,  331,  332 ;  made 
known  to  many  members  of  the  Royal 
Society,  335,  337  ;  known,  among  othois, 
to  Blagden  and  Cavendish,  337-339;  as 
well  as  to  Lavoisier,  337,  339,  348, 
354 ;  cause  of  delay  of  public  reading  of 
Mr.  Watt's  letter  containing  his  conclu- 
sions, 334,  335 ;  Lavoisier  reads  to  the 
Academy  of  Sciences  his  memoir  on  the 
Composition  of  Water,  337  ;  Cavendish 
reads  to  the  Royal  Society  his  *  Ezperi- 
'  ments  on  Air,'  339  ;  both  without  men- 
tioning their  knowledge  of  Mr.  Watt's 
conclusions,  33G-341 ;  reflections,  and  mea- 
sures taken  thereon,  341-343 ;  curious 
double  error  of  the  press,  and  its  conse- 
quences, 343,  345,  368 ;  Blagden's  letter 
to  Crell,  and  neoessair  deductions  from  it, 
346-354;  his  wealth,  derived  from  Ca- 
vendish, 355  ;  reflections  thereon,  356  ; 
arguments  of  Cavendish's  advocates,  and 
their  groundlessness,  357-370 ;  priority  of 
Mr.  Watt  muintain«i  during  his  life,  369, 
370,  and  afler  his  death,  371-379;  his 
modesty,  and  scrupulous  love  of  justice, 
380,  381  ;  general  result  of  the  contro- 
versy, 381-384  ;  not  broached  at  Caven- 
dish s,  386  ;  drama  of  the  discovery  of, 
•6. ;  Lord  Brougham's  *  Historical  Note ' 
on,  544-554 ;  *  Summary  of  progreu 
*  towards,  and  of,'  555-558. 

Water-works,  of  Greenock,  213 ;  of  Ver^ 
sailles,  398  ;  of  Ghisgow,  468. 

Watt  Club,  of  Greenock,  7,  note,  11. 

Watt,  Gregory,  (son  of  the  great  engineer), 
birth,  260;  ^ents  and  pursuits,  417, 
418  ;  his  death,  418,  518. 

Watt,  James,  (father  of  the  great  engineer), 
birth,  apprenticeship,  and  settlement  in 
Greenock,  12 ;  various  occupations,  and 
offices,  i6. ;  character,  13  ;  marriage,  t&. ; 
commercial  losses,  16,  31  ;  children,  17 ; 
contents  of  liis  workshops,  27  ;  erection  of 
tlie  first  crane  at  Greenock,  28 ;  letter 
from  his  son  on  renewal  of  patent  of  new 
steam-engine,  248  ;  his  death,  302,  note  ; 
portrait  of,  31. 

Watt,  James,  (the  great  engineer)  ;  hia 
lineage,  3-16  ;  birth,  17  ;  delicacy  of  con- 
stitution, 18  ;  early  study  of  geometrical 
problem,  ib, ;  talents  and  good  qualities 
while  yet  a  child,  18,  19;  allegations  of 
mental  dulness  explained  and  refuted,  19, 
20  :    Mrs.  Campbell's  memoranda  of  his 

2  p 
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turiy  yean,  18^  19,  and  20-24  ;  powers  of 
tmaginatioii,  21  ;  early  obaerratioii  of  the 
coaaencation    of   steam,    ib, ;    variety  of 
youthful  pursuits  aod  amusements,  con- 
structs aa  eleotrioal  machine,  22 ;  t tndies 
chemistry   and    anatomy,    22,    23;    his 
schools  and  schoolmasters,  25;   anecdote 
cf  his  angling,  25,  26  ;  not  addicted  to 
field  wpoTiMf  26,  and  485 ;    neatness  in 
drawing,  and  manual  skill,  27  ;  practice 
of  carpentry,  kc,  ib, ;  study  of  astronomy 
and   astronomical    instruments,   28,   29 ; 
portraite  of  Napier  and  Newton,  29-31  ; 
chooses  the  profession  of  a  mathematical- 
instrument-maker,    31,    32 ;    comes    to 
Olasgow,  32  ;    introdnoed  to  some  of  the 
Professors,  33  ;  nerer  attended  any  lec- 
tures, 34,  309,  497 ;  goes  to  London,  34  ; 
pboed  with  Mr.  Morgan  for  a  year,  36  ; 
IKfogress  in  his  business,  36-39  ;  return  to 
2:$cotland,  39  ;  repairs  astronomical  instru- 
ments in  GlMgow  GoUego,  41,  42,  60  ; 
assigned  rooms  in  the  College,  43 ;   ap- 
pointed mathematical-instrument-maker  to 
the  University,  ib,,  and  58;    partnership 
with  Craig,  44 ;  deficiency  of  musioal  ear, 
46  ;  constructs  and  repairs  musical  instru- 
ments, 46-49,   snd   513 ;    quits   College 
rocums,  49 ;  marries  his  cousin  Miss  Miller, 
49,  50  ;  Invents  perspective  machine,  50- 
56 ;   acquaintance   with   Dr.   Black,  and 
Robison,  57  ;  repairs  model  of  Newcomen's 
steam-engine,   5^8,    65,    75,    93 ;    learns 
German  and  Italian,   64 ;    narratives  of 
experiments   on  steam,  and  discovery  of 
the  Separate  Condenser,  58-73 ;   his  own 
account,    in    notes    on    Robison,   74-83 ; 
applies  for  FtUiai  for  methods  of  leasening 
the  consumption  of  steam  in  fire-engines, 
82,  178  ;  *  A  Plain  Story,*  83-91 ;  experi- 
mental progress  with  new  steam-^igine, 
166-170  ;  circular  steam-engine,  or  steam- 
wheel,  170-175 ;  a  land  surveyor  and  civil 
engineer,  171,  202  ;  his  woiIli  in  that  way, 
172,  202-222  ;  survey  for  canal  by  Loch 
Lomond  passage,  172 ;  attends  a  Com- 
mittee of  Parliament,  •&. ;  first  visit  to 
Soho,  173;  wish  to  be  associated  with  Mr. 
Boulton  and  Dr.  Small,  174,  175;  sqc- 
cessfhl  result  of  reciprocating  or  condensing 
engine,  175,  176 ;  visits  Mr.  Boulton  at 
Soho,  t6. ;  negotiations  for  entering  into 
partnersh^  in  the  steam-engine,  179, 180, 
186,  187,  193-200,  243,  244;  takes  out 
his  first  patent,  of  1769,  for  methbds  of 
saving  fuel,  180  ;  becomes  connected  with 
Dr.  Small  and   Mr.  Boulton,  196;  en- 
gineering works  for  magistrates  of  G  lasgow, 
202  ;  pUns  and  executes  Monkland  Canal, 
202-207 ;    suggests    *  a    spiral   oar,'  or 
■crew   propeller,  for  steam-boats,  208 ; 
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surrey  for  canal  from  Perth  to  Capar  of 

Angus,  209,  210 ;  suggestion  of  lina  for 
canal  in  Stratheam,  210,  211 ;  aorref  for 
bridge  over  Clyde  at  Hamilton,  211;  auirey 
and  report  on  channel  of  Clyda,  •6. ;  re> 
port  on  harbour  of  Ayr,  213  ;  surrey  (or 
junction   canal   firom   Borrowstonees,  ib. ; 
surveys  for  canals  at  Crinan  and  Tarheit, 
ib, ;  for  canal  from  Macrihanish  Bay  to 
Campbelltown,  ib, ;  from  Hurlet  to  ¥§iikej^ 
ib, ;  surveys  of  channel  of  Water  of  Larai, 
and  of  the  Forth,  Gudie,  and  Devon^  ib, ; 
plans   for  Port-Glasgow  docks    and  Ihu^ 
hours,  and  for  Greenock  water-works,  •&. ; 
survey  and  estimate  for  (Caledonian)  oanal 
from  Fort  William  to  Inverness,  213-218 ; 
Telford's  opinion  of  his  aoeuncy,  21S^9S1 ; 
moderation  of  his  engineering  chaises,  221, 
222  ;  philosophical  problems  diaonased  with 
Dr.  Small,  223-229,  239  ;  contrives  a  new 
micrometer  and  dividing-scx«w,  225,  226 ; 
new  surveying  quadrants,  226;  aatrono* 
mical  problems,  227,  228  ;  invents  miero- 
meters,    cross-hair,    prismatic,   and   with 
moveable  object-glass,  for  measuring  dis- 
tances, 229,  233  ;  description  of,  aod  date 
of  invention,  i6. ;  drawing-machine,  (not 
completed),  239  ;  death  of  his  first  wift, 
216,  240  ;  his  grief,  240,  241  ;  childxvn  1^ 
his  first  marriage,  241 ;  depression  of  spirits, 
242,  243 ;  mutual  discharge  executed  1^ 
Dr.  Roebuck  and  him,  244 ;  removes  the 
parts  of  the  new  engine  firom  Kinneil  to 
Soho,  245  ;  migrates  to  Birmingham,  A, ; 
renewal  of  his  patent  by  Act  of  Parlia- 
ment, 247,  248 ;  sentiments  on  death  of 
Dr.  Small,  249 ;  formation  of  partnership 
of  Boulton  and  Watt,  255  ;  heads  of  arti- 
cles of  copartnership,  258,   259;   second 
marriage,  to  Miss  Maogregor,  260  ;  offers 
of  employment  in  Russia  declined,  262, 263 ; 
progress  of  engines  at  Soho,  263, 264  ;  and 
in    France,  265,  268 ;    first  journey  to 
Paris,  267,  397-400;  visiU  to  Cornwall, 
268-272;  his  most  fertile  period  of  in- 
vention, 273,  332, 333 ;  his  second  Patent, 
of  1780,  for  copying-madiine,  273-278  ; 
machine  for  drying  linen  by  steam,  278, 
279  ;  his  third  Patent,  of  1781,  for  rotative 
motions,  279-284;  his  fourth  Patent,  of 
1782,  for  expansive  principle,  dooble-acting 
engine,  double  engine,  &c.,  284-290 ;  his 
steam    tilt-hammer,   291-293;    his   fiah 
Patent,  of  1784,  for  the  parallel  motion, 
steam  tilt-hammer, steam  carriages,  &c.  &c, 
293-296;  'starts  a  new  hare,'  294;  his 
Counter,  296 ;  his  Throttle-Valve,  297  ; 
his  appUcation  of  the  Governor,  297,  298  ; 
his  Steam-Gauge,  298,  299;  his  Steam 
Barometer,  or  Float,  •&.;  his  Steam  In- 
dicator, 299,  300;  his  cement  for  iron 
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jointi  of  eoginet,  300, 301  ;  most  mrentive 
period  of  hb  life,  301-303 ;  bis  sixth  Patent, 
of  1785,  for  consumption  of  smoke,  303- 
306 ;  mtkes  and  publishes  his  discovery  of 
the  Composition  of  Water,  {see  Water, 
COVFOBITION  of);  receives  Hr.  Caven- 
diah  at  Binninghain  and  Sobo,  385 ;  dines 
with  him  in  London,  385,  386 ;  proposed 
■•iformity  of  weights  and  measures,  389- 
^1 ;  Lnnar  Sodetj,  members  of,  391;  their 
IMctings,  and  subjects  of  discussion,  391- 
894, 397  ;  bleaching  by  chlorine,  260, 399- 
401 ;  pirsciea  of  steam-engine,  401,  402 ; 
^cooaequent  litigation,  402-416;  its  success- 
ful termination,  416  ;  dissolution  of  original 
isopartoership  of  Boulton  and  Watt,  and  its 
navltSff  417-419;  steam  power  mannfao- 
tiuvd  at  Sohe,  422*424;  able  assisUnU 
itlierf ,  424-428  ;  pursuits  in  advanced  age, 
428 ;   *  pneumatic  medicines,'  and   Pneu- 
matic Institution,  428,  429  ;  founds  Prize 
in  Glasgow  College,  429-432  ;  donation  to 
Greeoodc  Library,  432  ;  charitable  acts, 
433 ;  directs  construction  of  first  successful 
engines  for  steam-boats,  434,  440 ;  '  back 
*  stroke'  of  engine,  442  ;  H.M.S.  *  James 
<  Watt,'  444;  naval  review  of  1856,  444, 
445  ;  his  suggestion,  and  views  of  steam- 
loc(»Dotion  on   land,  445-459  ;    working 
model  of  steam-carriage  on  the  principle  of 
his  Patent  of  1784,  450 ;  four  plans  of 
new    lamps,    462-465  ;    gravimeter    for 
liquids,  465,  466  ;  caoutchouc  tubes,  466  ; 
arithmetical  machine,  466,  467 ;   articu- 
lated suction-pipe  for  Glasgow  water-works, 
468 ;  machine  for  copying  sculpture,  its  in- 
vention, progress,  and  performances,  468- 
479,  536,  537  ;  device  on  his  seal,  481 ; 
visits  to  London,  ib. ;   second  journey  to 
Paris,  482  ;  home  tours,  484 ;  purchases 
of  land  in  Wales,  ih. ;  rural  pursuits,  484- 
486 ;  the  snu£f-box,  486  ;   *  evenings  at 
*  home,'  487  ;  not  a  very  early  riser,  487, 
488 ;  simplicity  of  hU  life,  3,  381 ;  de- 
clines shrievalty  of  Staffordshire,  488, 489  ; 
and   of  Radnorshire,  489,   490;    studies 
Anglo-Saxon,  490 ;  his  Toryism,  491 ,  494 ; 
politics  of  his  son  James,  491-494  ;  revisal 
of  Kobison  *  on  Steam,'  494-501 ;  his  con- 
Tersation  and  counsels,  501-504,  515,  528, 
529 ;  projects  submitte*!  to  him,  502-508  ; 
bis  happy  and  honoured  old  age,  509-512, 
515, 529, 530  ;  character  of  him  by  Jeffrey, 
610,  525-530 ;  portraiture  by  Sir  Walter 
Scott,  510, 511 ;  sketch  by  Mrs.  Schimmcl- 
Peoninck,  513  ;  by  Thomas  Campbell,  515 ; 
predecease  of  friends,  515-520;  prepared 
to  leave  the  world,  519,  520;  his  last  ill- 
ness, and  death,   520,  521 ;  interred  in 
Handsworth  church,  521 ;   offer  of  Ba- 
ronetcy, •&. ;  monument  in  Westminster 


'  WELLUIOTON.' 

Abbey,  522,  523 ;  inscription  by  Lord 
Brougham,  523,  524;  scientific  titles, 
530 ;  unprecedented  increase  of  lame,  1, 
525,  526 ;  portrait,  by  Beechey,  531 ; 
enamel  by  Bone,  ih, ;  by  Longcastre,  531, 
532 ;  by  Partridge,  532 ;  by  Lawrence,  ib, ; 
by  Kaeburn,  533  ;  by  Graham  Gilbert,  ib, ; 
by  Henning,  533,  534;  by  Jackson,  534; 
\ij  Finden,  ib. ;  statues  by  Chantrey : 
marble,  in  Westminster  Abbey,  534, 
535  ;  bronze,  at  Glasgow,  535 ;  marble,  in 
Handsworth  church,  Glasgow  Collie,  and 
Greenock  Library,  ib, ;  medal  by  Wyon, 
536. 

«  WaH,  Sir  James,'  483. 

Watt,  James,  junior,  of  Aston  Hall,  (son  of 
the  great  engineer),  241 ;  contrived  a  port- 
able form  of  copying-press,  278 ;  smoke- 
consuming  engine  at  Manchester,  304 ; 
talents  and  pursuits,  403,417,  418  ;  kind- 
ness to  his  brother,  418 ;  correspondence 
with  Fulton  on  boat-engines,  439  ;  alters 
the  *  Caledonia,'  442,  443  ;  voyage  in  her 
to  Holland,  the  Rhine,  and  Jbelgium,  in 
•  1817  ;  experiments  with  her  on  the 
Thames,  444  ;  his  youthful  politics,  491- 
493;  silences  Robespierre  at  the  Club  of 
the  Jacobins,  493  ;  quits  Paris  without  a 
passport,  ib. ;  his  revolutionary  ardour 
cools,  492,  493  ;  his  death,  241. 

Watt,  James  Watt  and  Co.,  present  co- 
partnership of,  424,  note  ;  451 . 

Watt,  John,  (uncle  of  the  great  engineer), 
birth,  9 ;  education,  10 ;  profession,  ainl 
death,  t6. ;  his  survey  of  the  Clyde,  ib, ; 
its  publication,  11 ;  state  of  the  Clyde  as 
shown  by  it,  11, 12. 

Watt,  John,  (brother  of  the  great  engineer), 
birth,  17  ;  assisted  to  complete  the  survey 
of  the  Clyde,  «&. ;  his  death  at  sea,  10, 
17,  31. 

Watt,  Thomas,  (grandfather  of  the  great 
engineer),  birtb,  4 ;  settlement  in  Craw- 
fordsdyke,  »6. ;  *  Professor  of  the  Mathe- 
*  matics,'  i6. ;  houses  in  Crawfordsdyke  and 
Greenock,  6,  7  ;  o6Sces  he  held,  7  ;  strict- 
ness of  his  discipline,  7,  8 ;  marriage,  and 
chiklren,  9 ;  death,  and  burial,  ib, ;  portrait 
of,  31. 

Way,  Mr.  H.  B.,  275. 

W£BD,  Joseph,  (a  workman  at  Sobo),  254, 
291,  292. 

Wedgwood,  Mr.,  392. 

Weed,  a  fragrant,  Mr.  Watt's  relish  for, 
486. 

Weights  and  measures,  proposed  uniformity 
of,  389-391. 

Weight,  equality  of,  of  gases  consumed  and 
water  formed,  357. 

*  Welcomeb,'  *  his  kind,'  241. 

*  Wellikqton,'  H.M.S.  *  Duke  of,'  444. 
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Wbll  Park,  of  Greenock,  29. 

Wemtss  Colliery,  98. 

Westminster  Abbej,  monoment  to  Mr. 
Watt  in,  422,  425. 

Wheal  Virgin  Mine,  272  ;  effects  of  vitri- 
olic water  at,  507. 

Union,  272. 

Wheel,  clock  with  only  one,  223-225 ;  clock 
with  none,  224. 

Wheel-carriaqes,  moving  of,  by  steam, 
suggested  by  Robison,  60.  {See  Steam- 
locomotion.) 

Wheel,  fly,  279-281 ;  water,  280 ;  ratchet, 
i&. 

Wheels,  Sun-and-Planet,  279,  283,  284  ; 
of  counter,  296. 

Whidoey,  Report  on  channel  of  Clyde,  211. 

Wilcke,  John  Charles,  proposes  an  air-pump 
to  act  by  condensation  of  steam,  99-101  ; 
the  idea  borrowed  from  Mr.  Watt's  inven- 
tion, 100. 

Wilkie,  his  call  to  be  a  painter,  32;  his 
comparison  of  Velazquez  and  Raebum, 
533,  note. 

Wilkinson,  John,  of  Bersharo,  introduces 
new  boring-machine  for  cylinders,  246, 
247 ;  uses  one  of  the  new  engines,  257  ; 
manufactures  cylinders  and  condensers. 
264,  291,  292. 

,  William,  265. 

WiLLET  engine,  257. 

William,  Fort,  and  Inverness,  (Caledonian), 
Canal,  213,  221. 

Williams,  or  Williamson,  a  Swede,  a  pupil 
of  Dr.  Black,  100. 

Williamsbuboh,  in  Virginia,  249. 

Williamson,  George,  *  Memorials  of  Watt,' 
7,  note. 

Wilson,  Dr.  Alexander,  Professor  of  Astro- 
nomy in  Glasgow  College,  237,  noief  his 
observations  of  the  solar  spots,  ib,\  his 
excellent  type-foundinf,  i6. 

— ,  Dr.  Patrick,  Professor  of  Astronomy 
at  GUsgow,  as  to  Mr.  Watt's  invention  of 
a  prismatic  micrometer,  237,  238 ;  his 
scientific  pursuits,  ib.  note  ;  hit  bequest  to 
the  University  of  Glasgow,  tft. ;  letter  as 
to  new  copying-machine,  275,  S76 ;  as  to 
sculpture  nuu£ine,  470-472 ;  his  death, 
519. 

WiNOH,  and  Cavallo,  mode  of  forming  caout- 
chouc tubes,  466. 

WiNCKELMANN,  attachment  to  the  Glasgow 
Homer,  33, 


ZENO. 

WiTHERiNO,  Dr.,  308,  391 ;  hia  death,  516. 

Wolfe,  General,  anecdote  of,  62. 

WOLLASTON,  Dr.,  26. 

Wood,  Messrs.  J.  and  C,  built  <  the  Comet,' 
441. 

WoODCROFT,  <  on  Steam  Navigation,'  439. 

Worcester,  Marchioness  of,  lett^  to,  from 
her  Confessor,  117. 

,  Edwazd,  second  Marquis  of,  extracts 
from  his  *  Century  of  Inventions,'  111- 
113  ;  reasons  for  questioning  his  acquaint- 
ance with  the  power  and  use  of  steam, 
113, 114 ;  other  reasons  for  snppcMing  him 
to  have  made  a  steam-engine,  1 14-120 ; 
progress  and  passing  of  his  Engine  Bill, 
11^116;  his  thai^sgiving  prayer,  117, 
118;  Bollock's  description  of  the  waters 
commanding  engine,  118 ;  pan^;jric,  in 
verse,  and  Latin  elogium,  118,  119;  a^ 
count  of  the  performance  of  the  engine^ 
by  Cosmo  de  Medicis,  119,  120;  drver* 
sity  of  opinion  in  regard  to  the  M arqnis, 
120 ;  tradition  as  to  his  imprisonment 
in  the  Tower,  120,  121 ;  controversy  as 
to  the  claims  of  him  and  of  Sf^omon  de 
Cans,  122,  123;  fictitious  letter  from 
Marion  de  POrme,  123-128. 

Wordsworth,  William,  remark  on  a  steam* 
engine,  2  ;  on  Mr.  Watt's  character,  381 ; 
on  French  Involution,  492 ;  quotations 
from,  32,  484,  516. 

Wyatt,  Mr.  Samuel,  289. 

«  Wye,'  •  the  sylvan,'  484. 


Xerxes,  510. 


Y. 


Yarmouth,  railway  proposed  to,  (1813),459. 
York  Building  Companv,  256. 
Yorkshire,  Newoomens  engines  in,  411. 
YOUNQ,  Dr.  Thomas,  estimate  of  discovery 

of  composition  of  water,  332. 
,  Professor  of  Greek  in  Ghugow  College, 

470. 


Zeno,   the   rhetorician,    his    dispute    with 
Anthemius,  109. 


THE  END. 
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Aim  cHAsnra  caoei. 


Almmjm.k  Stbut,  Lovoov. 
Mag,  1868. 
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